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DESCRIPTION 
SPREAD SPECTRUM RECEIVER 

5 

TECHNICAI. FIEIiD 

The present; Invention rela-bes to a spread 
spectrum receiver for a software radio, more particularly 
to circuits for the analog dispreading and direct 

10 conversion of a direct sequence radio-frequency (RF) 

spread spectrum signal based on a FET wide-band direot- 
conversion circuit and to circuits for FN (pseudo random 
noise) code ssfndhronization and dispreading for different 
types of direct sequence spread spectra. 

15 BAlCKGROUKD INVEHTION 

The basic concept of a software radio is to 
utilize as much digital processing as possible so that 
the radio can be easily re*-conf igured to receive signals 
of different formats, i.e., different modulation, under 

20 software control. The radio is simplified greatly if a 

single stage of RF down-conversion is utilized. Recently 
novel circuits for direct conversion based on the 
utilization of FET based square-law detectors have been 
proposed (refer to document [1] , and [2] , : 

25 [1] M. Abe, K. Sasho, D. Krupezevic, and V, 
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Brankovic, "Receiver circuit", [2] W099/33166 <'99. July. 
1) . These circuits enable the realization of direct 
conversion circuits with much higher bandwidth and 
linearity than previously possible. 

The use of a direct conversion circuit in the 
context of a direct sequence spread spectrum receiver has 
advantages far greater than the above advantages of a 
single stage converter. In addition to the single stage 
converter, the direct conversion circuit effectively acts 
as an analog correlator. This will result in a large 
reduction in the required processing speed for a spread 
spectrum receiver and the associated reduction in power 
consumption . 

Figure 1 is a block diagram of a conventional 
digital direct sequence spread spectrum receiver. 

The direct sequence spread spectrum receiver 10 
of Fig. 1 comprises a receiver antenna 11, an RF filter 
12, a multi-stage down converter 13, an RF front-end 
noise reduction filter 14, a sample and analog to digital 
(A/D) converter 15, a FN code synchronization and 
tracking circuit 16, and a Raka receiver (demodulator) 
17. 

As shown in Fig. 1, the typical implementation of a 
direct sequence spread spectrum receiver 10 includes the 
RF front-end noise reduction filter 14, followed by the 
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sassier and A/D converter 15 operating at a frequency of 
some multiple of the chip rate, e.g., 8 times the chip 
rate. For wide-band CDMA (Code Division Multiple Access) 
at a 3X bandwidth, this chip rate is equal to 8 x 3.84 = 
30.72 MHz. For a higher bandwidth, the rate can easily be 
greater than 100 MHz. The receiver runs the PN code 
synchronization and tracking circuits 16 and performs 
di spreading digitally at these rates. 

If the receiver utilizes amtenna diversity, or a 
digital beam-forming array, then this circuitry is 
repeated at each of the array elements. For a large 
spreading bsuidwidth, the circuit complexity and the 
associated power consumption becomes large. 

It becomes advantageous to design a receiver that 
operates at clock frequencies that are multiples of the 
symbol rate rather thcUi the chip rate. This is possible 
if the dispreading is effectively implemented in an 
analog form. 

DISCLOSURE OF INVENTION 

A first object of the present invention is to provide 
a spread spectrum receiver enabling the design of power 
efficient spread spectrum systems with a very high chip 
rate, where the complexity of the circuit is independent 
of the chip rate and capable of reducing the associated 
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power consump'blon . 

A second object of tiie present invention is to 
provide a spread spectrum receiver for a software radio 
capable of performing the digital processing at the data 
5 symbol rate instead of the chip rate. 

According to the first aspect of the present 
invention, there is provided a spifead spectrum receiver 
receiving a spread spectrum signal spread in bandwidth by 
a predetermined spreading code, conprising a local 

10 oscillator for outputting a local signal with a 

predetermined frequency, a local spreading code 
generating means for generating a local spreading code 
according to the spreading code of received signal, and a 
direct conversion circuit for generating a reference 

15 local signal based on the local signal from the local 

oscillator and the local spreading code from the local 
spreading generating means, generating two signals haying 
a phase difference based on the received signal and the 
reference local signal, and di spreading based on two 

20 signals having a phase difference. 

Preferably, the direct conversion circuit conqorises a 
multiplier for multiplying the local signal by the local 
spreading code and outi>utting the same as the reference 
local signal, a first phase shifter for shifting the 

25 received signal in phase, a second phase shifter for 
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shifting the reference local signal in phase, a first 
adder for adding the reference local signal and an output 
signal of the first shifter, a second adder for adding 
the received signal and an output signal of the second 
5 phase shifter, a first detectpr for detecting a signal 

level of an output of the first adder, and a second 
detector for detecting a signal level of an output of the 
second adder. 

Alternatively, the direct conversion circuit 

10 ccanprises a modulator for modulating the local signal by 

the local spreading code and ou^utting the same as the 
reference local signal, a first phase shifter for 
shifting the received signal in phase, a second phase 
shifter for shifting the reference local signal in phase, 

15 a first adder for adding the reference local signal and 

an out5>ut signal of the first shifter, a second adder 
for adding the received signal and an output signal of 
the second phase shifter, a first detector for detecting 
a signal level Of an output of the first adder, and a 

20 second detector for detecting a signal level of an output 

of the second adder. 

Further, in the present invention, a first filter for 
performing a predetermined filtering processing with 
respect to an output signal of the first detector, a 

25 second filter for performing a predetermined filtering 
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processing with respect to an output signal of the second 
detector, and a third filter for performing a 
predetermined filtering processing with respect to an 
output signal of the third detector. 
5 Further, the modulator c«aprises a quadrature 

modulator • 

Preferably, the spreading code included in the 
reference local signal is synchronized to the spreading 
code of the received signal. 

\Q Further, the carrier frequency of the received signal 

is approximately equal to the carrier frequency of the 
reference local signal. 

Further, in the present invention, at least one of 
the first, second, and third detectors comprises a 

15 square-law detector. 

According to a second aspect of the present 
invention, there is provided a spread spectrum receiver 
receiving a spread spectrum signal spread in bandwidth by 
a predetermined spreading code, comprising a local 

20 oscillator for outputting a local signal with a 

predetermined frequency, a local spreading code tracking 
means for generating a local spreading code through a 
process of synchronization and tracking based on the 
received signal and a local signal from a local 

25 oscillator, and a direct conversion circuit for 
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generai:ing a reference local signal based on the local 
signal £xcm. the local oscillator and the local spreading 
code txom the local spreading tracking means, generating 
two signals having a phase difference based on the 
5 received signeJ. and the reference local signal, and 

dispreading based on two signals having a phase 
difference . 

Preferably, the local spreading code tracking means 
cOTprises a local spreading code generator for generating 

10 the local spreading code based on a value of a control 

signal, a first phase adjusting means for delaying the 
generated local spreading code by a predetermined time, a 
second phase adjusting means for advancing the generated 
local spreading code by a predetermined time, a first 

15 multiplier for multiplying the local signal by an output 
of the first phase adjusting means, a second multiplier 
for multiplying the local signal by an output of the 
second phase adjusting means, a first adder for adding 
the received signal and an output of the first 

20 multiplier, a first detector for detecting an anxplitude 

component of an output signal of the first adder, a first 
envelope detecting means for detecting a first envelope 
of an output signal of the first detector, a second adder 
for adding the received signal and an output of the 

25 second multiplier, a second detector for detecting an 
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ainpl±1:i2de component of an output signal of the second 
adder, a second envelope detecting means for detecting a 
second envelope of an ou'^ut signal of the second 
detector, and a control signal generating means for 
generating the control signal so as to reduce the 
difference between the first envelope and second envelope 
close to zero. 

Further, the local spreading code tracking means 
comprises a local spreading code generator for generating 
the local spreading code based on a value of a control 
signal, a first phase adjusting means for delaying the 
generated local spreading code by a predetermined time, a 
second phase adjusting means for advancing the generated 
local spreading code by a predetermined time, a first 
multiplier for multiplying the local signal by an output 
of the first phase adjusting means, a second multiplier 
for multiplying the local signal by an output of the 
second phase adjusting means , a first phase shifter for 
shifting the received signal In phase, a second phase 
shifter for shifting an output signal of the first 
multiplier In phase, a third phase shifter for shifting 
an output signal of the second multiplier In phase, a 
fourth phase shifter for shifting the received signal In 
phase, a first adder for adding an output signal of the 
first phase shifter and the output of the first 
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multiplier, a second adder for adding the received signal 
and an output signal of the second phase shifter, a third 
adder for adding the received signal and an output signal 
of the third phase shifter, a fourth adder for adding the 
5 output signal of the second multiplier and an output 

signal of the fourth phase shifter, a first detector for 
detecting a signal level of an output of the first adder, 
a second detector for detecting a signal level of an 
output of the second adder, a third detector for 

10 detecting a signal level of an output of the third adder, 

a fourth detector for detecting a signal level of an 
output of the fourth adder, a first filter for performing 
a predetermined filtering processing with respect to an 
output of a first detector, a second filter for 

15 performing a predetermined filtering processing with 

respect to an output of a second detector, a third filter 
for performing a predetermined filtering processing with 
respect to an output of a third detector, a fourth filter 
for performing a predetermined filtering processing with 

20 respect to an outgput of a fourth detector, a first norm 

circuit for confuting a first norm based on outputs of 
the first and second filters, a second norm circuit for 
coxnputing a second norm based on outputs of the third and 
fourth filters, a control signal generating means for 

25 generating the control signal so as to reduce the 
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difference be'bween the first norm and second norm close 
to zero . 

Further^ in the present invention, at least one of 
the first, second, third, and fourth detectors comprises 
5 a square-law detector. 

Preferably, the spreading code tracking means further 
comprising a means for removing p.C. offset from oul^uts 
of the first, second, thirds and fourth filter. 

Further, the local spreading code tracking means 

10 comprises: a first local spreading code generator for 

generating an in-phase local spreading code based on a 
value of a control signal, a second local spreading code 
generator for generating a quadration local spreading 
code based on the value of a control signal, a first 

15 phase adjusting means for delaying the generated in-phase 

and quadrature local spreading codes by a predetermined 
time, a second phase adjusting means for advancing the 
generated in-^hase and quadrature local spreading codes 
by a predetermined time, a first quadrature modulator for 

20 modulating the local signal by out5>ut signals of the 

first phase adjusting means, a second quadrature 
modulator for modulating the local signal by output 
signals of the second phase adjusting means, a first 
phase shifter for shifting the received signal in phase, 

25 a second phase shifter for shifting an output signal of 
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the first quadrature modulator in phase, a third phase 
shifter for shifting an output signal of the second 
quadrature modulator in phase, a fourth phase shifter for 
shifting the received signal in phase, a first adder for 
5 adding an output signal of the first phase shifter and 

the output of the first quadrature modulator, a second 
adder for adding, the received signal and an output signal 
of the second phase shifter, a third adder for adding the 
received signal and an output signal of the third phase 

10 shifter, a fourth adder for adding the output signal of 

the second quadrature modulator and an output signal of 
the fourth phase shifter, a first detector for detecting 
a signal level of an output o£ the first adder, a second 
detector for detecting a signal level of an output of the 

15 second adder, a third detector for detecting a signal 

level of an output of the third adder, a fourth detector 
for detecting a signal level of an output of the fourth 
adder, a first filter for performing a predetermined 
filtering processing with respect to an output of a first 

20 detector, a second filter for performing a predetermined 

filtering processing with respect to an output of a 
second detector, a third filter for performing a 
predetermined filtering processing with respect to an 
output of a third detector, a fourth filter for 

25 performing a predetermined filtering processing with 
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respect: -bo an outputs of a fourth detector, a first norm 
Circuit for caoputing a first norm based on outputs of 
the first and second filters, a second norm circuit for 
cduputing a second norm based on outputs of the third and 
fourth filters, a control signal generating means for 
generating the control signal so as to reduce the 
difference between the first norm and second norm close 
to zero. 

Further, the local spreading code tracking means 
conrprises a first local spreading code generator for 
generating an in-phase local spreading code based on a 
value of a control signal, a second local spreading code 
generator for generating a qpiadration local spreading 
code based on the value of a control signal, a first 
phase adjusting means for delaying the generated in-phase 
local spreading code by a predetermined time, a second 
phase adjusting means for delaying the generated 
quadration local spreading code by a predetexmined time, 
a third phase adjusting means for advancing the generated 
in-phase local spreading code by a predetenoined time, a 
fourth phase adjusting means for advancing the generated 
quadration local spreading code by a predetermined time, 
a first multiplier for multiplying the local signal by an 
output signal of the first phase adjusting means, a 
second multiplier for multiplying the local signal by an 
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output sxgzial of the second phase adjusting means, a 
third multiplier for multiplying the local signal by an 
output signal of the third phase adjusting means, a 
fourth multiplier for multiplying the local signal by an 
5 output signal of the fourth phase adjusting means, a 

first adder for adding the received signal and an output 
signal of the first multiplier, a second adder for adding 
the received signal and an ou-^ut signal of the second 
multiplier, a third adder for adding the received signal 

10 and an output signal of the third multiplier, a fourth 

adder for adding the received signal and an output signal 
of the fourth multiplier, a first detector for detecting 
a signal level of an oui^ut of the first adder, a second 
detector for detecting a signal level of an output of the 

15 second adder, a third detector for detecting a signal 

level of an output of the third adder, a fourth detector 
for detecting a signal level of an output of the fourth 
adder, a first filter for performing a predetermined 
filtering processing with respect to an output of a first 

20 detector, a second filter for performing a predetermined 

filtering processing with respect to an output of a 
second detector, a third filter for performing a 
predetermined filtering processing with respect to an 
output of a third detector, a fourth filter for 

25 performing a predetermined filtering processing with 
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respect: to an output of a fourth detector, a first norm 
circuit for computing a first norm based on outputs of 
the first and second filters, a second norm circuit for 
computing a second norm based on outputs of the third and 
5 fourth filters , and a control signal generating means for 

generating the control signal so as to reduce the 
difference between the first norm and second norm close 
to zero. 

Preferably, the direct conversion circuit comprises a. 

10 multiplier for multiplying the local signal by the local 

spreading code and outputting the same as the reference 
local signal, a first phase shifter for shifting the 
received signal in phase, a second phase shifter for 
shifting the reference local signal in phase, a first 

15 adder for adding the reference local signal and an output 

signal of the first shifter, a second adder for adding 
the received signal and an ou'^ut signal of the second 
phase shifter, a first detector for detecting a signal 
level of an output of the first adder, and a second 

20 detector for detecting a signal level of an output of the 

second adder. 

Further, in the present invention, the direct 
conversion circuit comprises a quadrature modulator for 
modulating thie local signal by the in-phase and 

25 quadra tion local spreading codes and outputting the same 
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as the ^reference local signal^ a first phase shifter for 
shifting the received signal in phase ^ a second phase 
shifter for shifting the reference local signal in phase, 
a first adder for adding the reference local signal and 
an output signal of the first shifter, a second adder for 
adding the received signal and an ou'^ut signal of the 
second phase shifter , a first detector for detecting a 
signal level of an output of the first adder, and a 
second detector for detecting a signal level of an output 
of the second adder. 

According to a third aspect of the present invention, 
there is provided a spread spectrum receiver for a 
software radio receiving^ a spread spectrum signal spread 
in bandwidth by a predetermined spreading code, 
comprising a local oscillator for outputting a local 
signal with a predetermined frequency, a local spreading 
code tracking means for generating a local spreading code 
through a process including digital processing of 
synchronization and tracking based on the received signal 
and local signal from the local oscillator, and a direct 
conversion circuit for generating a reference local 
signal based on the local signal from the local 
oscillator and the local spreading code from the local 
spreading tracking means, generating two signal having a 
phase difference based on the received signal and the 
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reference locaX signal, aind dJLspreadi.ng based on t;wo 
signals having a phase difference. 

Preferably, the local spreading code tracking means 
coniprises a first local spreading code generator for 
5 generating an in-phase local spreading code based on a 

value of a control signal, a second local spreading code 
generator for generating a quadra tion local spreading 
code based on the value of a control signal, a first 
phase adjusting means for delaying the generated in-phase 

10 and <iuadration local spreading codes by a predetermined 

time, a second phase adjusting means for advancing the 
generated in-phase and quadration local spreading codes 
by a predetermined time, a first quadrature modulator for 
modulating the local signal by output signals of the 

15 first phase adjusting means, a second quadrature 

modulator for modulating the local signal by output 
signals of the second phase adjusting means, a first 
phase shifter for shifting the received signal in phase, 
a second phase shifter for shifting an output signal of 

20 the first quadrature modulator in phase, a third phase 

shifter for shifting an ou'^ut signal of the second 
quadrature modulator in phase, a fourth phase shifter for 
shifting the received signal in phase, a first adder for 
adding an output signal of the first phase shifter and. 

25 the output of the first quadrature modulator, a second 
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adder for. adding the received signal and an output signal 
of the second phase shifter, a third adder for adding the 
received signal and an outptit signal of the third phase 
shifter, a fourth adder for adding the oui5>ut signal of 
the second quadrature modulator and an output signal of 
the fourth phase shifter, a first detector for detecting 
a signal level of an output of the first adder, a second 
detector for detecting a signal level of an output of the 
second adder, a third detector for detecting a signal 
level of an output of the third adder, a fourth detector 
for detecting a signal level of an output of the fourth 
adder, a first filter for performing a predetermined 
filtering processing with respect to an output of a first 
detector, a second filter for performing a predetermined 
filtering processing with respect to aui output of a 
second detector, a third filter for performing a 
predetermined filtering processing with respect to an 
output of a third detector, a fourth filter for 
performing a predetermined filtering processing with 
respect to an output of a fourth detector, a first analog 
to digital (A/D) converting means for converting output 
analog signals of the first and second filters to digital 
signals, a second A/b converting means for converting 
output analog signals of the third and fourth filters to 
digital signals, and a digital processing means for 
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genez:ai:ing tJie control signal so as to reduce the 
difference between the on^uts of the first A/D 
converting means and second A/D converting means close to 
zero . 

5 According to the present invention, the n-port spread - 

spectrum direct-circuit converter, where the phase to be 
shifted e is nominally equal to 45 degrees, and the 
detector is ideally the square function. One of the 
inputs is the received signal to be de- spread 

10 (demodulated) . The other input is a direct sequence 

spread spectrum signal. The reference signal has a PN 
(spreading) code that has been synchronized to the PN 
code of the received signal. The carrier frequency of the 
received signal should be approximately equal to the 

15 carrier frequency of the reference signal but need not be 

synchronized with the carrier frequency of the local 
reference signal. Exact carrier and phase synchronization 
is performed in the digital domain. The sum of the 
received signal and the reference local signal phase 

20 shifted by 9 are input to a power detector. The sum of 

the reference local signal and the received signal 
phase-shifted by 6 is input to a second power detector- A 
third output produces the power of the received signal. 
Further, according to the present invention, the PN 

25 code tracking circuit utilizes an early late structure 
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along with a near- zero IF down-converter based on the 
direct-conversion concept, where the error signal for the 
tracking loop is determined from the square-law detector 
outputs . 

5 Further, in a direct-conversion receiver for spread 

spectrum signals with complex spreading, the QFSK MOd 
block constitutes a complex spreader. The received signal 
is a signal with ccniqplex spreading. 

Further, for exaxople, there is a generalized tracking 

10 circuit for spread spectrum with direct conversion 

utilizing a software module in a software radio. The 
software module is programmed to perform the initial 
coarse synchronization, or WI code acquisition, through a 
process of stepping the frequency of the VCO through a 

15 region of values thus bringing it within the lock range 

for the tracking loop^' The software module also contains 
the algorithm for the tracking loop including the 
generation of the error signal and the filtering of this 
signal . 

20 

BRIEF DESCRIPTION OF DRAWINGS 

These and other objects and features of the present 
invention will become clearer from the following 
description of the preferred embodiments given with 
25 reference to the accompanying figures, in which: 
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Pig. 1 is a block diagram of a conventional direct 
sequence spread spectrum receiver; 

Fig. 2 is a block diagram of a first embodiment of a 
spread spectrum receiver according to the present 
invention ; 

Fig. 3 is a view of an example of the configuration 
of a five-port direct conversion circuit according to the 
present invention; 

Fig. 4 is. a view of an example of the configuration 
of a four-port direct conversion circuit according to the 
present invention; 

Fig, 5 is a view of an equivalent four-port direct 
conversion circuit at the general case of a signal with 
quadrature modulation; 

Fig. 6 is a view of a receiver based on case 
frequency estimation and digital please estimation; 

Fig. 7 is a view of an example of the configuration 
of a FN code tracking circuit of Fig. 2; 

Fig. 8 is an explanatory view of the PN code 
correlations ; 

Fig- 9 is an ea^lanatory. view of the tracking S 

curve ; 

Fig. 10 is a view of another exan^le of the 
configuration of a PN code tracking circuit of Fig. 2; 

Fig. 11 is a block diagram of a second embodiment of 
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a spread specteum receiver according to the present 
Invention ; 

Pig. 12 is a view of an exasqple of the configuration 
of a five-port direct conversion circuit for DS/BPSK 
5 according to the present invention; 

Fig. 13 is a view of an example of the configuration 
of a PN code tracking circuit of Pig. 11 that effectively 
correlates with a local QPSR type of signals- 
Fig. 14 is a view of another example of the 
10 configuration of a FN code tracking circuit of Fig. 11 

without carrier phase shifters; 

Fig. 15 is an explanatory view of the generalized 
error signal computation; 

Fig. 16 is a view of another exanqple of the 
15 configuration of a PN code tracking circuit of Fig. 11 

for a software radio; 

Fig. 17 is a view of a generalized four-port direct 
conversion circuit; 

Fig. 18 is a view of the generalized PN code tracking 
20 circuit for a softwMe radio; and 

Fig. 19 is a view of another type of the direct 
conversion circuit according to the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
25 Below, the 1m st modes of the direct sequence spread 
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spectmun receiver for SDR (software defined radio) will 
be described In detail with reference to the accompanying 
drawings . 

Figure 2 Is a block diagram of a first ezobodlment of 
a spread spectrum receiver according to the present 
Invention* 

The spread spectrum receiver 20 comprises, as shown 
In Pig. 2, an n (n Is an Integer 3 or more, in this 
embodiment, for exanqple n=5 or 4) -port direct conversion 
circuit 21, a FN code tracking circuit 22, a digital 
circuit 23, and a local oscillator 24. 

The n-port direct conversion circuit ccmiblnes two 
signals, that is, a received signal r(t) multiplied by 
the PN code c(t) at the transmission side and a reference 
local signal 2(t) x c(t) generated by multiplying a local 
signal 2(t) from the local oscillator 24 by a local PN 
code (±1 value) from the PN code tracking circuit 22, in 
linear combinations and outputs one signal or two or more 
signals, wherein the analog power values of the output 
signal are detected by for example the FET based square- 
law detectors. 

The PN code tracking circuit 22 generates the local 
PN code through a process of synchronization and tracking 
based on the received signal r(t) from the transmission 
side and the local signal 2(t) from the local oscillator 
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24. 

The digital circuit 23 converts the output signals of 
the n-port direct conversion circuit 21 through the not 
illustrated A/D converters to one or a plurality of 
signal components included in the received signal or the 
local signal. 

Next, the concrete configurations and the basic 
functions of the n-port direct conversion circuit 21 and 
the PN code tracking circuit 22 will be explained in that 
order. 

First, the concrete configuration of the n-port 
direct conversion circuit 21 will be explained. 

Figure 3 is a view of an example of the configuration 
of a five (n=5) -port direct conversion circuit according 
to the present invention. 

The five-port direct conversion circuit 210 
cdnprises, as shown in Fig. 3, a multiplier 2101, phase 
shifters 2102 and 2103, adders 2104 and 2105, detectors 
2106, 2107 and 2108, and RC filters 2109, 2110, and 2111- 

Here, the five ports are con^rised of a receive 
signal use input terminal Tj^, a local signal use input 
terminal Tj^x, an output terminal (port) of the RC filter 
2109, an oul^ut port of the RC filter 2110, and an output 
port of the RC filter 2111. 

In Fig. 3, the parameter 6 indicates a phase shift 
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(Ideally. 45*") . The act:ual realization of the five-port 
device ensures that the two phase shifts are perfectly 
matched. The gain coefficients depend on circuit 
component parameters , the functions g ( • ) of the detectors 
2106 to 2108 are non-linear functions that are 
approximately and ideally equal to the square functions, 
and the RC filters 2109 to 2111 are first order low-pass 
filters . 

In the multiplier 2101, the received signal r(t) is 
multiplied by the PN code c(t) obtained though a process 
of synchronization and tracking in the PN code tracking 
circuit 22 and a reference local signal S2102 is output 
to the phase shifter 2103 and the adder 2104. If the 

r ^1 

local signal 2{t) is given by Bcos Loi^t "^J' 

r ^1 

reference local signal is given by Be(t)cos LcO^t J • 
In the phase shifter 2102, the received signal r(t) 

is shifted in phase by 9 (for exan^le, 45*") and a signal 

S2102 (re(t)) is outi>ut to the adder 2104. 

In the phase shifter 2103, the reference local signal 

S2102 is shifted in phase by G and the signal S2103 is 

output to the adder 2105. 

In the adder 2104, the output signal S2104 of the 

phase shifter 2102 and the reference local signal S2101 
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are added, and a signal S2104 Is output to the detector 
2107. 

In the adder 2105, the output signal S2103 of the 
phase shifter 2103 and the received signal r(t) are added 
5 and a signal S2105 is output to the detector 2108. 

In the detector 2106, the an^litude component of the 
received signal r(t) is detected and the detected 
amplitude coioponent is supplied to the RC filter 2109, 

In the detector 2107, the as^litude cosqponent of the 
10 output signal S2104 of the adder 2104 is detected and the 

detected amplitude con^onent is supplied to the RC filter 
2110. 

In the detector 2108, the amplitude component of the 
outi>ut signal S2105 of the adder 2105 is detected and the 
15 detected amplitude components is supplied to the RC 

filter 2111. 

The RC filter 2109 is cduprised of, for example a low 
pass filter (IiFF) , the filtering processing is performed 
with respect to the axqplitude component from the detector 
20 2106, and a power signal Pq is output to the digital 

circuit 23. 

The RC filter 2110 is comprised of for example an 
LPP, the filtering processing is performed with respect 
to the amplitude con^onent from the detector 2107, and a 
25 power signal Pi is output to the digital circuit 23. 
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The RC filter 2111 is comprised of for example an 
IiPP, the filtering processing is performed with respect 
to the amplitude conponent from the detector 2108, and a 
power signal is output to the digital circuit 23. 
5 Here, the case is considered where the received 

signal r(t) is a double sideband signal as follows: 

r(t) = Am(t)cos(Oet + <|>(t)) (1) 
where <|>(t) is the phase that is assumed to be slowly- 
time varying, and m{t) is the modulation signal. As 
10 mentioned above, let the local signal 2(t) = 

If the local signal 2(t) is perfectly tracking the 

received signal r (t) , then we have ^(O^ "'^ • 

Now assume that g(.) is the square function. The 

15 signal Po is approximately equal to — ^ — W^(^) . The 

signal Pi is given as follows: 
(K„re(t)+K,.c(t)l(t)y 

- U>|K^r*(t) + 2K„K„Br,(t)c(t)cos((D.t - ^] + K^c*(t)l*(t)| <2) 

- ^m*(t)+ ^+ iC„K„ABm(t)c(t)co8(4. + ^- o) 

20 where Lp indicates the low-pass c<»iq?onent, and y® 

equal to r(t) phase shifted by 6. 
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Now, in the above, the first term is proportional to 
the output Po (equality If = koi) , the second term is a 
D.C. component, and the third term is the desirable 
signal. Hence we may process Pi and Pq to obtain the 
following : 

Y, « K^K,^m(t)o(t)cos^<|) + ^ + oj (3) 
In the same way, it is possible to show that the 
output at P2 can be processed to obtain the following : 

Yo - K22K,ABm(t)c(t)cos^* * 7 * ®) 

Now if we set the parameter 0 - — we obtain the 
following: 

= km(t)c(t)cos<i> (5) 

Yq = -km(t)c(t)sin4) (6) 
where k is a proportionality constant. The outputs Px and 
Pa of the five-port direct conversion circuit 210 are 
processed by subtracting a multiple of Pq and removing 
the D.C. coinponent to obtain the above I-Q signals. Hence 
the five-port direct conversion circuit 210 can be used 
as an I-Q direct converter. 

Note that if the circuit components are suitably 
matched so that we can assume Kn = Kqi then the five- 
port direct conversion circuit can be reduced to a four- 
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10 



15 



port: direct: conversion circuit as shown in Pig. A, where 
the 1-Q coxaponen'ts can be obtained from and Y2 by 
removing a D.C. offset. 

Now consider the more general case of a signal with 
quadrature modulation where it is possible to write the 
received signal r(t) as follows: 

r(t) = A(mi{t)cos(ttet + 4)) + m,(t)sih(«^t + (|)) ) (7) 
After processing the outputs of the five-port device by 
subtracting a multiple of Pq and removing the D.C. 
component, it is possible to cd>tain the following 1-Q 
signals : 



Xt. as possible to compu-ke -the tixrauismi.^'bed (or 
±nformat:ion) Z-Q signals as follows: 



KSin 



- cos 



(8) 



(9) 



(10) 
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Note that it is possible to solve the above for any phase 
angle 9 except ^ ™ • However the value of " " ^ ^® 

optimum is terms of computation robustness. If 0 = — is 
chosen, then the above becomes the following: 





/ 




K 



COS 



0- s/fi0iri^/ 



5 (11) 

The original (modulation) I-Q signals are recovered by 
processing the above (detected) I-Q signals with the 
de-rotation matrix as in equation (11) . In order to 
perform this c^ration, knowledge of the carrier phase of 

10 the received signal, 4>f required. 

After the above development it is possible to model 
the five-port device effectively as a four-port device as 
shown in Fig. 5. 

If the local signal of the local oscillator 24 in the 

15 preceding development, l(t), is not phase locked to the 

carrier of the received signal, then the above phase 
error * will be time varying and will in fact contribute 
to a frequency offset denoted as A«. There are two main 
approaches to achieving Ao = 0 and track the phase 

20 One approach is to use a phase-lock loop. The error 

signal is produced from the rotated I-Q outputs in such a 
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way that it drives the VCO to track the phase of the 
received signal. 

Another alterative instead of exact tracking of the 
phase is to make a coarse frequency estimate of the 
four-port device output and use it to control the 
frequency of an oscillator with step input control as 
shown in Fig. 6. 

In Pig. 6, 210A denotes the four-port direct 
conversion circuit, 211 and 212 denote samplers, 213 and 
214 denote A/D converters, 215 denotes a phase estimator 
de-rotator, 216 denotes a coarse frequency estimator, and 
217 denotes a voltage controlled oscillator (VCO). 

The coarse frequency estimation algorithm is run 
periodically with a period that is determined by the 
degree of frequency drift of the local oscillator with 
respect to the carrier of the received signal r(t) . 
The realization of the digital phase estimator 215 
depends on the specif ics of the modulation sch^e. For 
QAM modulation, the phase estimator can be realized as a 
digital tracking loop. The two main approaches are the 
power of N method and the decision directed method (refer 
to a document [3]: H. Meyr, M. Moeneclaey, and S. 
Fechtel, Digital Commoinication Receivers: 
Synchronization, Chazinel Estimation, and Signal 
Processing) . 
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If a single stage of down conversion is used, the 
spread spectrum (SS) receiver in Pig. 1- fits into the 
hsurdware reference model of the direct converter receiver 
of Fig. 6. It is possible to use the direct conversion 
circuit to detect the PH code chips and then perform the 
conventional dispreading using digital correlation 
techniques. However an alterative is to realize analog 
correlation using a direct-detection process. 

Such a direct conversion circuit is shown in Fig. 3. 
As mentioned above, in Fig. 3, c(t) denotes a local 
replica of the PN code (±1 value) . . This local FN code 
must be obtained through a process of synchronization and 
tracking at the PH code tracking circuit 22. 

A key issue in the design of spread spectrum 
receivers is the synchronization of the PN code c(t) . 
This synchronization is difficult to achieve in the case 
where the spreading code is "modulated" by data. 

In real systems, typically the luunodulated spreading 
code is transmitted as a synchronization signal. This 
signal may occur at the beginning of a data frame , i.e., 
a sync or pilot burst, or continuously as a pilot signal. 

In the case of a large processing gain and high SNR, 
it is possible to assume data modulation on the PN code 
where the code acquisition occurs within the transmission 
of data symbols. For the purpose here, it is possible to 
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assume the t;ranszBxsslon of a spreading code without data 
modulation. A prime example is the pilot signal in the 
IS-95 or WCDMA, systems. 

Figure 7 is a view of an example of the configuration 
of a PN code tracking circuit of Fig. 2. 

The PN code tracking circuit 220 comprises, as shown 
in Fig. 7, a Ml code generator 2201^ phase adjusting 
circuits 2202 and 2203, multipliers 2204 and 2205, adders 
2206 and 2207, square-law detectors 2208 and 2209, band- 
pass filters (EPFs) 2210 and 2211, envelope detectors 
2212 and 2213, a subtracter 2214, a loop filter 2215, and 
a VCO 2216. 

For systems with a short to medium length PN code 
(e.g. the pilot signal in IS-95, or , this circuit 

can perform the two functions of PN code acquisition and 
tracking . 

If the initial PN code clock frequency offset is not 
too large then the local PN code will "slide" by the 
incoming PN code in the code acquisition process. This 
sliding process will eventually bring the two codes into 
alignment. At such a time the tracking circuit will then 
maintain the two codes synchronized. 

The step control on the frequency of the VCO of the 
tracking loop can be designed to bring the sliding rate 
to within a viable value for synchronization to occur 
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within a -time period that Is dependent on the PN code 
length and filter bandwidth (or equivalent integration 
time) • 

Concretely, in the PN code generator 2201, the PN 
5 code c(t) is generated based on a control signal S2216 by 

the VCO 2216, and the generated PN code c(t) is output to 
the phase adjusting circuits 2202 and 2203 and the 
multiplier 2101 of the five-port direct conversion 
circuit 210 in Fig. 3 (or four-port direct conversion 
10 circuit 210A in Fig. 4). 

In the phase adjusting circuit 2202, the phase of the 
PN code c(t) generated by the PN code generator 2201 is 
delayed by-A (nominally chip) and a signal S2202 

(c(t-A)) is output to the multiplier 2204. 
15 In the phase adjusting circuit 2203, the phase of the 

code c(t) generated by the FN code generator 2201 is 
advanced by+A (as mentioned above, nominally a=^ chip) 
and a signal S2203 (c(t+A)) is output to the multiplier 
2205. 

20 In the multiplier 2204, the local signal l(t) [=Bcos (« 

ot) ] is multiplied by the output signal S2202 of the 
phase adjusting circuit 2202 and a signal S2204 (Bc(t- 
a)cos(Oo^)) output to the adder 2206. 

In the multiplier 2205, the local signal 2(t) is 

25 multiplied by the output signal S2203 of the phase 
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adjustilng circuit 2203 and a signal (Bc(t+A) cos (^o^) ) is 
output to tlie adder 2207 . 

In the adder 2206, the received signal r(t) 
[=Ac(t)cos (Oct+(j>) ] and the output signal S2204 of the 
multiplier 2204 are added and a signal S2206 (r(t}+Bo(t-A 
}cos(Oo'^)) is output to the square-law detector 2208. 

In the adder 2201, the received signal r(t) and the 
output signal S2205 of the multiplier 2205 are added and 
a signal S2207 (r (t)+B^(t+A)cos (©ot) ) is output to the 
square-law detector 2209. 

In the square-law detector 2208, a signal Al is 
obtained based on the output signal S2207 of the adder 
2207 . 

Similarly, in the square-law detector 2209, a signal 
A2 is obtained based on the ou^ut signal S2208 of the 
adder 2208. 

Here, the signal at Al is given by 
(r(t) + Bc(t - A)cos(Oo^)^ = 

r^(t) + 2Br(t)c(t-A)cos(Wot) + B^c^ (t-A) cos^ (Oot) (12) 
The output of the band-pass filter (BPF) 2210 is 

obtained as the response of the band-pass filter to the 

following input: 

ABc(t)c(t - A)cos(Oipt + <|>) (13) 

and is given by 
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ABc{i)c{i ^ A)cos{(o,Ft + if) (14) 
where the bar indicates the filtering with a low-pass 
filter having a bandwidth eqaal to ^ of the bandwidth of 
the band-pass filter in Fig. 7. 

The output of the envelope detector 2212 at Bl is. 



then ABc(t)c(t-A) 



Similarly the signal at the point 



B2 (output of the envelope detector 2213) is given by 



ABc(t)c(t + a) . 

Now, if assuming rectangular chip pulses and ignoring 
10 the correlation self -noise of the PN code, then the 

signals at Bl amd B2 have the values as shown in Fig. 8 
when plotted versus the timing error between the incoming 
FN code and the locally generated FN code. 

The signal at point C (output of the subtracter 
15 2214), as a function of the timing error, is then the 

tracking "S" curve shown in Fig. 9. 

The FN code tracking circuit 220 of Fig. 7 operates 
at the XF frequency Oxp. As such, it requires two 
band-pass filters at the outputs of the square-law 
20 detectors instead of the simpler low-pass filters. 

It is possible to design a baseband version of the 
tracking circuit, where the local oscillator frequency is 
chosen to be approximately equal to the carrier frequency 
of the received signal r(t) . To design such a tracking 
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10 



15 



20 



cxrcui-b, we consider the output o£ the square-law 
detector 2208 <2209) for the input signal 

r(t) = Ac<t)cos(Oot + <!>) (15) 
and the local reference signal 

Li(t) = Bc(t-x)cos{Oct - e) (16) 

(r(t) t I-i(t))^ = 

r2(t) + Li^(t) + ABc(t)c(t - T}cos(4> + 6) + double 
frequency term (17) 

Now from this signal and possibly other square-law 
detector outputs. It Is necessary to create a tracking 
curve ("S'^ curve) as In Fig; 9. Consider the case where 
the frequencies of the received signal and reference 
local signal are not locked. In this case, the phase ® 
Is actually time varying and It may be written as 4>(t) = 
Aot, where Ao is a small frequency offset. 

It is clear that in order to create the "S" curve, 
correlation with the "early" reference signal I*e(t) = 
Bc(t + T)cos(»ct - ©) is not always necessaury. For 
slnpllclty, it is ass\imed that the voltage transfer 
coefficients k^^ in Fig. 3. are equal to unity. The 
output of one of the square- law detectors is 



(r(t) + Lo(t))2 = 

r^(t) + I-o^(t) + ABc(t)c(t + t)cos(* + 9) + double 



Now in the above, the required cosponent is the third 



frequency term 



(18) 
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term. However, this term oscillates and for a small Ao 
may vanish for a time that is too long for the tracking 
loop. As a result, we create what are effectively 
quadrature, components by shifting the input signal by 6 

5 and using the local reference cos (tA^t,) , where ® 

the nominal value for the phase. Now, the signals in 
equations (17) and (18) are filtered with a low-pass 
filter with a bandwidth equal to the inverse of the 
integration time. The following four signals are 



10 cddtained: 

r ^ (t) + (t) + ABc(t)c(t - t)cos{<|) + e) (19) 

r ' (t) + (t) + ABc(t)c(t - t)cos(<|) - 0) (20) 

r^(t) + L^^(t) + ABc(t)c(t+T)cos(<|) + e) (21) 

(t) + L^t) + ABc(t)c(t +t)cos(<|) - e) (22) 



15 The first term in the above four signals may be 

approximated by a constant assuming that the SS 
chip time is much smaller than the integration time, or 
inverse of low-pass filter (LPF) bandwidth. This constant 

can be treated as a D.C. offset and removed. With 0 = — , 
20 the first two terms could be processed (square root of 

sum of squares) to yield a value for the early 
correlation. Similarly the second two terms could be 
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processed t;o yield the late correlation. However a 
simpler approach Is to use the absolute value and to form 
an "S" curve that in a sense is the sum of two "S" 
curves. If thinking of these two terms as the components 
5 of a vector^ then these two approaches correspond 

to computing the L2 and li^ norms of the vector. 
For the case of the use of the norm, it is assumed 
that the timing error of the incoming signal is e , then 
it is possible to create the "S" curve for the tracking 
10 loop as follows: 

sM . 

- |aBc(^ - e)c(t - r)cos(^ + e)\ - |aBc(/ - e)c(/ + t)cos(0 + e)\ 
+ [aBcU - e )c(t - r)cos(^ - e)\ - |aBc(/ - e)c(t + r)cos(<p - e)\ 

(23) 

Figure 10 Is a view of an other exainple of t:he 
configura-tion of a TO code -tracking circuit of Fig. 2 

15 based on the above theory. 

The code tracking circuit 22 OA ccHoprises, as shown 
in Fig. 10, a EN code generator 2221, phase adjusting 
circuits 2222 and 2223, multipliers 2224 and 2225, phase 
shifters 2226, 2227, 2228, and 2229, adders 2230, 2231, 

20 2232, and 2233, square-law detectors 2234, 2235, tPFs 

2238, 2239, 2240, and 2241, subtracters 2242, 2243, 2244, 
and 2245, norm circuits 2246 and 2247, a summing circuit 
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2248, a loop flitter 2249, and a VCO 2250. 

In the PN code generator 2221, the FN code c(t) is 
generated based on a control sxgnal S2250 by the VCO and 
the generated FN code c(t) is output to the phase 
5 adjusting circuits 2222 and 2223 and the multiplier 2101 

of the five-port direct conversion circuit 210 in Fig. 3 
(or the four-port direct conversion circuit 210A in Fig* 
4). 

In the phase adjusting circuit 2222, the phase of the 
10 PN code c(t) generated by the PN code generator 2221 is 

delayed by -a (nominally A = jchip ) and a signal S2222 
(c(t-A)) is output to the multiplier 2224. 

In the phase adjusting circuit 2223, the phase of the 
FN code c(t) generated by the PN code generator 2221 is 
15 advanced by -«-a and a signal S2223 (c(t+A}) is output to 

the multiplier 225. 

In the multiplier 2224, the local signal 1 (t) [=Bcos (« 
ot) ] is multiplied by the output signal 

S2222 of the phase adjusting circuit 2222, and a signal 
20 S2224 (Bc(t-A)cos(Oot) ) is output to the phase shifter 

2227 and the adder 2230. 

While, in the multiplier 2225, the local signal l(t) 
is multiplied by the ou^ut signal S2223 of the phase 
adjusting circuit 2223, and a signal S2225 (Bc(t+A) cos (Oq 
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t)) is output to the phase shifter 2228 and the adder 
2233. 

In the phase shifter 2226, the received signal r(t) 

is shifted in phase by 6 (for example ) r a signal 

4 

S2226 is output to the adder 2230. 

In the phase shifter 2227, the output signal S2224 of 
the multiplier 2224 is shifted in phase by 6, and the 
signal S2227 is oul^ut to the adder 2231. 

In the adder 2230, the output signal S2226 of the 
phase shifter 2226 and the output signal S2224 of the 
multiplier 2224 are added, and a signal S2230 is output 
to the square-law detector 2234. 

In the adder 2231, the received signal r(t) and the 
output signal S2227 of the phase shifter 2227 are added, 
and a signal S2231 is output to the square-law detector 
2235. 

In the s<iuare-law detector 2234, the output signal 
S2230 of the adder 2230 is squared and output to the LPF 
2238, and then input to the subtracter 2242. In the 
subtracter 2242, the D.C. offset etc. is removed from the 
output of ZaPF 2238 and the result output to the norm 
circuit 2246. 

Similarly, in the square-law detector 2235, the 
output signal S2231 of the adder 2231 is squared and 
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output to the LPF 2239, and then input to the subtractor 
2243. In the subtracter 2243, the D.C. offset is removed 
from the output of the LPF 2239 and the result output to 
the norm circuit 2246. 

In the norm circuit 2246, the norms of the vector are 
computed and output to the summing circuit 2248. 

In the phase shifter 2228, the output signal S2225 of 
the multiplier 2225 is shifted in phase by 0, and the 
signal S2228 is output to the adder 2232 . 

In the phase shifter 2229, the received signal r(t) 

is shifted by 6 (for example ^ ) , and a signal S2229 is 

4 

output to the adder 2233. 

In the adder 2232, the received signal r(t) and the 
output signal S2228 of the phase shifter 2228 are added, 
and a signal S2232 is output to the square-law detector 
2236. 

In the adder 2233, the output signal S2229 of the 
phase shifter 2229 and the oul^t signal S2225 of the 
multiplier 2225 are added, and a signal S2233 is output 
to the square-law detector 2237. 

In the square-law detector 2236, the output; signal 
S2232 of the adder 2232 is squared and output to the LPF 
2240, and then input to the subtracter 2244. In the 
subtracter 2244, the D.C. offset etc. is removed from the 
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output of LPF 2240 and output to the norm circuit 2247. 

Similarly, in the square-law detector 2237, the 
output signal S2233 of the adder 2233 is squared and 
output to the LPF 2241, and then input to the subtracter 
5 2245. In the subtracter 2245, the D.C. offset is roaoved 

from the output of the LPF 2241 and ou^ut to the norm 
circuit 2247. 

In the norm circuit 2247, the norms of the vector are 
computed and output to the summing circuit 2248. 
10 In the summing circuit 2248, the ou^ut of the norm 

circuit 2246 and 2247 are summed and output to the VCO 
2250 via the loop filter 2249. 

In the VCO 2250, the oscillation frequency is changed 
by the output of the loop filter 2249, and the value of 
15 the control signal S2250 is changed according to the 

change of the oscillation frequency. 

In this PN code tracking circuit 220A, the bandwidth 
of the LPF depends on the SNR. If the incoming signal has 
no modulation, e.g., is the pilot signal in IS-95 or 
20 WCDMA, the bandwidth is equal to approximately the 

inverse of the integration time for the PN code 
correlation. This bandwidth is chosen depending on the 
SMR and false-lock probability requirements. 

On the other hand, if the incoming signal is 
25 modulated by data, then the bandwidth of the LPF should 
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not be smaller thcin the data rate, i,e., the (equivalent) 
Integration time should be less than the data period. 

In comparing the IF and baseband tracking circuits of 
Fig. 7 and Fig 10, it should be noted that a direct 
conversion receiver typically does not require an image 
rejection filter. An RF front-end filter may still be 
desirable since it will limit the strength of the 
interference in the power detection circuits, which may 
drive these circuits into the non-linear region. However, 
the design of this filter in terms of the roll-off from 
the pass -band to the stop-band is not critical. 

On the other hand, with bh IF based receiver, the RF 
front-end filter has the function of removing the image 
frequency. For narrow-band systems, it is critical that 
the image frequency be removed, and the complexity of the 
filter depends on the IF frequency used. For small IF 
frequency is closer to the local oscillator frequency and 
the filter specification (roll-off) is more stringent. 

On the other hand, with spread spectrum signals, as a 
result of the processing gain, it is not essential that 
an RF filter with image rejection capabilil^ be used. The 
signal of the image frequency will act as an interfere, 
and the effect on the receiver will be about a 3dB loss 
in SNR. 

Figure 11 is a block diagram of a second embodiment 
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of a spread spectirum receiver according -bo tii& present 
lnvent:lon . 

The spread specteum receiver 30 is cons1:it:ut:ed 
corresponding to the quadrature spreading and di spreading 
5 processing. 

The spread spectrum receiver 30 comprises, as shown 
in Fig. 11, an n (n is an integer 3 or more, in this 
sobodiment, tor example or=5 or 4) -port direct conversion 
circuit 31, a FN code tracking circuit 32, a digital 
10 circuit 33, and a local oscillator 34. 

The n-port direct conversion circuit 31 combines two 
signals, which are a receiver signal r(t) multiplied by 
the FN code c(t) at the transmission side and a local 
reference signal 2(t)c*(t) (where c(t) a cos^lex 
15 spreading code as e^lained below) generated by 

modulating a local signal (t) from the local oscillator 
34 with local FN codes (Ci(t) and C^(t)) from the FN code 
tracking circuit 32, in linear combinations and output 
one signal or two or more signals, wherein the analog 
20 power values of the output signal are detected by for 

example the FET based square-law detectors. 

The FN code tracking circuit 32 generates the local 
FN codes G^(t) and Cq(t) through a process of 
synchronization and tracking based on the received signal 
25 r(t) from the transmission side and the local signal 2(t) 



4 4 
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from -the local oscillator 34. 

The digital circuit 33 converts the output signals of 
the n-port direct conversion circuit 31 through the not 
illustrated A/D converters to one or a plurality of 
5 signal components included in the received signal or the 

local signal. 

There are three main direct sequence schemes that 
utilize some form of QPSK modulation at the chip level. 
Here QPSKl, QPSK2, and QPSK3 will be referenced to. In 
10 QPSKl, we form a regular QPSK signal by using the data 

symbols and spread each of the data symbols (on the 
in-phase and quadrature carriers) with two different PN 
codes . 

In QPSK2, it is possible to take individual data 
15 symbols and spread them with two different PN codes, with 

one spread signal being transmitted in the in-phase 
carrier and the other being transmitted on the quadrature 
carrier. This form of the spread spectrum is used in the 
forward link of IS-95. 
20 QPSK3 is what is typically referred to as complex 

spreading and is used in 36 WCJDMA systems. 

First we will consider the use of the five-port 
device for direct detection of these signals assuming 
that a synchronized local PN code exists at the receiver, 
25 then will discuss circuits for the PN code 
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synchronlza'blon « 

For the case of QPSKl, first, we will consider the 
case where local synchronized FN code and carrier signals 
exist. In this case, since the received signal 
effectively consists of two independent SS signals in the 
in-phase and, quadrature carrier components, it is 
possible to utilize two five-port based circuits, ias 
explained above for the BPSK case, to independently 
demodulate the in-phase and quadrature signals. If the 
perfect carrier synchronization is realized, there will 
be no interference between the two branches (in-phase and 
quadrature) • 

Next, it will be considered the case where there is a 
synchronized PN code but no synchronized carrier at the 
receiver. In this case, it is possible to use two 
independent BPSK type circuits to demodulate the in-phase 
and quadrature data, but there will be some interference 
between the two branches due to the non-zero cross- 
correlation of the spreading codes in the two QPSK 
brauiches. The degree of this interference will depend on 
the integration time, filter bandwidth, or equivalent 
processing gain and should be small for modest to large 
values of these parameters. 

Next, the concrete configurations and the basic 
functions of the n-port direct conversion circuit 31 and 



ffi|E#2 001-3075082 



#2 000 — 363847 



the PH code tracking circuit 32 will be described. 

First, the concrete configuration of the n-port 
direct conversion circuit 31 will be explained. 
Figure 12 is a view of an exanple of the 
5 configuration of a five (n=5) -port direct conversion 

circuit according to the present invention. 

The five-port direct conversion circuit 310 
coxoprises, as shown in Fig. 12, a QPSK modulator 3101, 
phase shifters 3102 and 3103, adders 3104 and 3105, 
10 detectors 3106, 3107, and 3108, and RC filters 3109, 

3110, and 3111. 

Here, the five ports are conprised of a received 
signal use input terminal a local signal use input 

terminal Tm. output terminal (port) of the RC filter 
15 3109, an output port of the RC filter 3110, and an output 

port of the RC filter 3111. 

In the QPSK modulator 3101, the received signal r(t) 
is modulated by using the PN code Ci(t) and c,(t) 
obtained though a process of synchronization and tracking 
20 in the PN code tracking circuit 32, and a reference local 

signal S3101 is output to the phase shifter 3103 and the 
adder 3104. 

In the phase shifter 3102, the received signal r(t) 
is shifted in phase by 6 (for example, 45") and a signal 
25 S3102 is output to the adder 3104. 
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In the phase shxf-ter 3103, the reference local signal 
S3101 is shifted in phase by 9 and the signal S3103 is 
output to the adder 3105 . 

In the adder 3104, the output signal S3102 of the 
phase shifter 3102 and the reference local signal S3101 
are added, and a signal S3104 is output to the detector 
3107. 

In the adder 3105, the output signal S3103 and the 
received signal r(t) are added, and a signal S3105 is 
output to the detector 3108* 

In the detector 3106, the amplitude component of the 
received signal r(t) is detected, and the detected 
anqplitude component is supplied to the RC filter 3109. 

In the detector 3107, the amplitude component of the 
oul^ut signal S3104 of the adder 3104 is detected, and 
the detected axirplitude component is supplied to the RC 
filter 3110. 

In the detector 3108, the amplitude component of the 
output signal S3105 of the adder 3105 is detected, and 
the detected ainplitude component is sullied to the RC 
filter 3111. 

The RC filter 3109 is ccm^rised of, for example, a 
low-pass filter (LPP) , the filtering processing is 
performed with respect to the aaaplitude component from 
the detector 3106, and a power signal Pq is output to the 
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digital circuit 33. 

The RC filter 3110 is comprised of for example an 
LPF^ the filtering processing is performed with respect 
to the amplitude component from the detector 3107, and a 
5 power signal Pi is output to the digital circuit 33. 

The RC filter 3111 is ccMH>ri8ed of for exaasple an 
LPF, the filtering processing is performed with respect 
to the amplitude conqponent from the detector 3108, and a 
power signal Pj is output to the digital circuit 33. 
10 Here/ QPSK2 and QPSK3 will be considered at the 

direct conversion circuit 310 of Pig. 12. It is possible 
to treat these two cases together as follows: The 
following received SS signal will be considered. 

r(/) - Re[dii)cO)e^^'^'^^] (24) 
15 where c(t) = Ci(t) + jc,(t) is a complex spreading code 

(two real spreading codes), and d(t) is a data signal. If 
d(t) is real, then it is QPSK2, and if d(t) is couqplex, 
then it is QPSK3, as discussed above. 

Here, a direct conversion circuit 310 to detect the 
20 signal in equation (24) will be considered. For exaiuple, 

based on the sum of the local signal 



li{t)^ Relc^tje'^^*^ ''^H and the received signal input 
to a square-law detector, the following equation (25) can 



4 9 ajSEi^ 2001-3075082 



#2000—363847 



be ob'fcai.ned. 



+ doiible freq. terms <25) 

Subtracting the squares of the received and local signals 
and the double frequency terms and assuming |c(t) |^ = 2 
(i.e. , square shaped local chip pulses) , the following 
equation can be obtained: 



Now the following same procedure as above but with the 
local signal is followed 



(27) 



-bo cd>texn the result 



(28) 
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Now, £or 0 - — , the following two outputs can be 
obtained. 

lO)'j{dO)e^* + d'(i)e-^'')^Re{d(iy*) (29) 
Q(t) = ^{d(t)e'*'d*{t)e-'*)'''Im{d(t)e'*) (30) 

5 

Therefore the data signal may be determined as follows: 

d(t) = (I(t) - jQ(t))e-i* (31) 
The above processing is performed in the five-port direct 
conversion circuit 310 of Fig. 12. 

10 Next, the PN code synchronization circuits of Pig. 11 

for the various QPSK schemes will be e^lained. The 
approach is to achieve PN code synchronization using a 
direct detection type circuit and to leave the carrier 
frequency and phase synchronization to the digital domain 

15 in the baseband processing. The case of a received signal 

without data modulation will be assumed. Thus, for all. 
the QPSR type schemes, the synchronization problem 
amounts to locking onto a signal of the following form: 

r(/)- A{c/Oc^j(fli,r + *) + Cg(/)5iif^^^ (32) 
20 where Cx(t) and Co(t) are two spreading codes - the 

so-called quadrature spreaders in the case of 
QPSK2 (IS-95). 
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To achieve spreading code synchronization in this 
case, it is sufficient to synchronize to either of the 
two PN codes since they are locked to each other at the 
transmitter. Hence in principle it is possible to use a 
circuit of the type of Fig. 7 or Pig. 10 with c(t) set to 
either of the two quadrature spreaders . 

Alternatively, to achieve a higher SNR in the 
tracking loop, a circuit that effectively correlates with 
a local QPSK type of signal can be realized as shown in 
Fig. 13. 

Figure 13 is a view of an example of the 
configuration of a PN code tracking circuit of Fig. 11 
based on that effectively converted, with a local QPSK 
-^fpe of signal. 

The Mi code tracking circuit 320 comprises, as shown 
in Fig. 13, Ml code generators 3221a and 3221b, phase 
adjusting circuits 3222a, 3222b, 3223a and 3223b, QPSK 
modulators 3224 and 3225, phase shifters 3226, 3227, 
3228, and 3229, adders 3230, 3231, 3232, and 3233, 
square-law detectors 3234, 3235, 3236, and 3237, LPFs 
3238, 3239, 3240, and 3241, subtracters 3242, 3243, 3244, 
and 3245, norm circuits 3246 and 3247, a summing circuit 
3248, a loop filter 3249, and a VCO 3250. 

In the PN code generator 3221a, the PN code Ci(t) is 
generated based on a control signal S2250 by the VCO 
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3250, and the generated PN code Ci(t) is output to the 
phase adjusting circuits 3222a and 3223a and the QPSK 
modulator 3101 of the five-port direct conversion circuit 
310 in Fig. 12. 

In the PN code generator 3221b, the PN code CgCt) is 
generated based on a control signal S2250 by the VCO 
3250, and the generated PN code CQ(t) is oul^ut to the 
phase adjusting circuits 3222b and 3223b and the QPSK 
modulator 3101 of the five-port direct conversion circuit 

310 in Fig. 12. 

In the phase adjusting circuit 3222a, the phase of 
the PN code Ci(t) generated by the PN code generator 

3221a is delayed by -a (nominally A-jchIp), and a signal 
S3222a (Ci(t-A) ) is out5)ut to the QPSK modulator 3224. 

In the phase adjusting circuit 3222b, the phase of 
the PN code OgCt) generated by the PN code generator 

3221b is delayed by -a (nominally A = ^chip ) , and a signal 
S3222b (Cq (t-A) ) is output to the QPSK modulator 3224 . 

In the phase adjusting circuit 3223a, the phase of 
the PN code Ci(t) generated by the EM code generator 
3221a is advanced by +a, and a signal S3223 (Ci(t+A)) is 
output to the QPSK modulator 3225. 

m the phase adjusting circuit 3223b, the phase of 
the PN code Ca(t) generated by the PN code generator 
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3221b is advanced by and a signal S3223b (Ci(t+A)) is 

outpia-b the QPSK modulator 3225. 

In the QPSK modulator 3224, the local signal 
l(t) [=Bcos(o)ot) ] Is modulated by the output signals 
S3222a and S3222b of the phase adjusting circuits 3222a 
and 3222b, euad a signal S3224 is 6ul5>ut to the phase 
shifter 3227 and the adder 3230. 

While, in the QPSK modulator 3225, the local signal 
l(t) is modulated by the output signals S3223a and 3223b 
of the phase adjusting circuits 3223a and 3223b, and a 
signal S3225 is output to the phase shifter 3228 and the 
adder 3233. 

In the phase shifter 3226, the received signal r(t) 

ju 

is shifted in phase by 9 (for example — ) , and a signal 
S3226 is output to the adder 3230. 

In the phase shifter 3227, the output signal S3224 of 
the QPSK modulator 3224 is shifted in phase by 6, and the 
signal S3227 is output to the adder 3231. 

In the adder 3230, the output signal S3226 of the 
phase shifter 3226 and the output signal S3224 of the 
QPSK modulator 3224 are added, and a signal S3230 is 
output to the square-law detector 3234. 

In the adder 3231, the received signal r(t) and the 
output signal S3227 of the phase shifter 3227 are added. 
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and a signal S3231 is output to the square-law detector 
3235. 

In the square-law detector 3234, the output signal 
S3230 of the adder 3230 is squared and output to the LPF 
3238, and then Input to the subtracter 3242. In the 
subtracter 3242, the D.C. offset etc. is removed from the 
output of LPF 3238 and output to the norm circuit 2246. 

Similarly, in the square-law detector 3235, the 
output signal S3231 of the adder 3231 is squared and 
output to the LPF 3239, and then input to the subtracter 
3243. In the subtracter 3243, the D.C. offset is removed 
froa the output of the LPF 3239 and output to the norm 
circuit 3246. 

In the norm circuit 3246, the norms of tAe vector are 
computed and output to the siamming circuit 3248. 

In the phase shifter 3228, t:he output signal S3225 of 
the QPSK modulator 3225 is shifted in phase by 6, and the 
signal S3228 is output to the adder 3232. 

In the phase shifter 3229, the received signal r(t) 

ju 

Is shifted in phase by e (for eauunple —) , and a signal 
S3229 is output to the adder 3233. 

m the adder 3232, the received signal r(t) and the 
output signal S3228 of the phase shifter 3228 are added, 
and a signal S3232 is output to the square-law detector 
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3236. 

In the adder 3233, the output signal S3229 of the 
phase shifter 3229 and the output signal S3225 of the 
QPSK modulator 3225 are added, and a signal £3233 is 
output to the square-iaw detector 3237. 

In the square-law detector 3236, the output signal 
S3232 of the adder 3232 is squared and ou'^ut to the LPF 
2240, and then input to the subtracter 3244. In the 
subtracter 3244, the D-C. offset etc, is removed from the 
output of liPP 3240 and output to the norm circuit 3247. 

Similarly, in the square-law detector 3237, the 
output signal S3233 of the adder 3233 is squared and 
output to the I.PP 3241, and then input to the sxibtractor 
3245. In the subtracter 3245, the D.C. offset is removed 
from the output of the IiPF 3241 and output to the norm 
circuit 3247. 

In the norm circuit 3247, the norms of the vector are 
computed and output to the stimming circuit 3248. 

In the summing circuit 3248, the output of the norm 
circuit 3246 and 3247 are summed and output to the VCO 
3250 via the loop filter 3249. 

In the VCO 3250, the oscillation frequency is changed 
by the output of the loop filter 3249, and the value of 
the control signal S3250 is changed according to the 
change of the oscillation frequency. 
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According to the configuration of Pig. 13, the signal 
at A- (output of the subtracter 3242) is given as 
follows : 

(f (c{/ - 4y<-'-) + c* (/ - 4)e-><-*'-> +)+ + cXr>-(-'^0) ' 

- (BRe{ci, - + (A^cdV^--)})' + AB Jre{c(/ - .iM^y^^-'^)} 

Now, the first three terms in the above are either D.C. 
or double frequency terms. Hence if the signal passes the 
low-pass filter and the D.C. offset is removed, the 
following signal at A- can be obtained: 

ABR.{o*(t - A)o(t)B<***>} (33, 

where the bar indicates low pass filtering. In the sane 
manner, the following signals for A+, and B+ can be 

obtained respectively as 

ABRe{cO-A)cOy^*-^^} <34> 

ABRe{c(i+A)c{iy^*-^^} (36) 
Now if treating the two values in equations (33) and 
(34) as two components of a vector and talcing the I.2 
norm^ then any phase dependency in computing the error 
signal for the tracking loop can be removed. 



ffiIE# 2001-3075082 



^2000—363847 



Alternatively, one may go for a simpler realization and 
work with the Li norm, where the computation of the norm 
amounts to the sum of the absolute values of two conplex 
numbers . 

Next, a sub-optimal tracking circuit that does not 
require carrier phase shifters will be considered. 

Figure 14 is a view of another example of the 
configuration of a PN code tracking circuit of Fig. 11 
without carrier phase shifters. 

In Fig- 14 /the multipliers 3251 and 3252 are 
provided instead of the QPSK modulator 3224 of Fig. 13. 
The multiplier 3251 multiplies the local signal l(t) by 
the output signal S3222a of the phase adjusting circuit 
3222a. The multiplier 3252 multiplies the local signal 
1 (t) by the output signal S3222b of the phase adjusting 
circuit 3222b. 

Similarly, in Fig. 14, the multipliers 3253 and 3254 
are provided instead of the QSPK modulator 3225 of Fig. 
13. The multiplier 3253 multiplies the local signal 1 (t) 
by the output signal S3223a of the phase adjusting 
circuit 3223a. The multiplier 3254 multiplies the local 
signal l<t) by the out5)ut signal S3223b of the phase 
adjusting circuit 3223b. 

Further, in Fig. 14, adders 3255 and 3256 are 
provided instead of the phase shifter 3226 and 3227 and 
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adders 3230 and 3231 of Fig. 13. The adder 3255 adds the 
received signal r(t) and an output signal S3251 of the 
multiplier 3251. The adder 3256 adds the received signal 
r (t) and an output signal S3252 of the multiplier 3252 . 

Further, in Fig. 14, adders 3257 and 3258 are 
provided instead of the phase shifters 3228 and 3229 and 
adders 3232 and 3233 of Fig. 13. The adder 3257 adds the 
received signal r(t) and an output signal S3254 of the 
multiplier 3254. The adder 3258 adds the received signal 
r(t) and an output signal S3253 of the multiplier 3253. 

According to this configuration of Fig. 14, the 
signal at the point A- (output of the subtracter 3242) is 
given by the following: 

ABRe{cXt-A)c{ty*} 

- AB{c,(t - AkMcosif- c,(/ - A)cQ{i)sin4f) (37) 

m ABc,(t-^)ci(t)cos^ 
where the a^roximation is based on the in -phase and 
quadrature codes Ci(t) and CQ(t) having a low cross 
correlation. Similarly the signal at B- (output of the 
subtracter 3243) can be computed as follows: 

= AB(cQ(i - A^Mcos^" - A)cQ(t)sin^) (38) 
m -ABcQit- A)cQ{t)sin^ 

Now if considering the signals at A- and B-, there is 
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no value of the phase 4) which makes both of them vanish. 
If |cos<|)| vanishes, then |si*| is maximum and vice-versa. 
In the same manner as above, it is possible to compute 
the two corresponding signals for the lower branch of the 
circuit as follows: 

ABne{cXt+A)c{ty*] 

- AB(cXt + A)cMcos4^ - cXt + A)cQ{t)smtp) (39) 
mABcXi + A)cXt)cos4> 

ABRe[cQ{t^A)c{ty*] 

« Ab(c^(/ + ilH(/)co5^ - CqO + A)cQ{i)sin4^) (40) 
m '-ABcQ(t'k' A)cQ{t)sinip 

The signals at A+, and B+ may be processed as 

indicated in Fig- 14. However it may be desirable to 
replace the two "Norm" blocks (norm circuit 3246, 3247) 
and the adder (or subtracter) with a more generalized 
block that may have better performance in the presence of 
noise in the loop, D.C. offsets, smd other imperfections. 

The generalized block shown in Pig. 15 can be 
utilized. In this case, the algorithm to compute the 
error signal can account for any iaaperfections and even 
adapt to changing characteristics of the analog circuit 
components . 
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Fxg. 16 is a view of anoUier example of the 
configura1;ion of a FN code tracking circuit of Fig. 11 
for a software radio. 

The point of difference of the circuit 320B of Fig. 
16 from the circuit of Fig. 13 is that A/D converters 
3260, 3261, 3262, and 3263 are provided with outputs of 
the LPFs 3238, 3239, 3240, and 3241 and a digital 
processor 3264, that ±a , part of the generated software 
radio architecture, instead of the D.C. removal use 
subtracters 3242 to 3245, norm circuit 3246 and 3247, the 
summing circuit 3248, and the loop filter 3249 of Fig. 
13. 

The architecture for the various DS/SS tracking 
circuits discussed so far contains a part that operates 
at RF frequencies and a part that operates at lower 
frequencies. The low frequency part can be realized 
digitally in order to achieve flexibility in the 
operation of the tracking circuit in different 
environments of interference and different cases of 
frequency offset and D.C. offsets introduced by the 
circuits . 

Such a modification can also give rise to a faster 
locking process. Thus the design of an optimized 
acquisition circuit and tracking circuit can be included 
in one unit. 
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Accordingly, in the PN code tracking circuit 320B, 
A/D converters 3260 to 3263 are provided after the LPSs 
(low pass filters) 3238 to 3241. Further, as mentioned 
above, the D,C. removal use subtracters 3242 to 3245, 
norm circuits 3246 and 3247, summing circuit 3248, and 
tracking loop filter 3249 of Fig- 13 are then all 
incorporated in a digital processor 3264, that is, part 
of the general software radio architecture. , It can be a 
software module in such an architecture. 

Further, the direct conversion circuit 210 and 21 OA 
of Fig. 3, and Fig. 4 can take on alternative forms 
involving the basic principle of power detection using an 
FET device (refer to above mentioned document [1]) . All 
of these forms will have at least two inputs (the 
received signal and a local reference signal) and at 
least two output signals. Each of the outputs will 
consist of the (low-pass filtered) power signal of the 
sum of the input signals with one input signal being 
phase shifted with respect to the other by the angle G . 
The output signals contain sufficient information to 
enable the extraction of the in-phase and quadrature 
components of the received signal r(t) . A four port 
circuit will have the form as shown in Fig . 17 where the 
oui^uts are basically low-pass filtered (e.g. RC filter) 
signal powers at the FET outputs. 
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Based on the generalized four-port direct conversion 
circuit of Fig. 17, It Is possible to design a 
generalized PN code tracking circuit as shown In Fig. 18. 

In Fig. 18, 3265 denotes a PN code generator, 3266 
denotes a modulator, and 3267 and 3208 denote four-port 
direct conversion circuits • 

For example, the modulator 3266 Includes the phase 
adjusting circuit 3222a, 3222b, 3223a, and 3223b and the 
QPSK modulators 3224 andi 3225 of Fig. 13, while the four- 
port direct conversion circuit 3267 Includes the phase 
shifters 3226, 3227, adders 3233, 3231, square-law 
detectors 3234, 3235, and LPFs 3238, 3339 of Fig. 13. 

Similarly, the four-port direct conversion circuit 
3268 includes the phase shifters 3228, 3229, adders 3232, 
3233, square- law detectors 3236, 3237, and LPFs 3240, 
3241. 

The circuits in Fig. 16 and Fig. 18, can be used for 
both PN code acquisition and tracking by the appropriate 
design of the algorithm in the software module (digital 
processor) • For PN code acquisition, the module can 
output a sequence of error signal that effective steps 
the frequency of the VCO 3250 through a sequence of 
frequencies that ultimately bring the local PN code into 
alignment with the received PN code. In any acquisition 
and tracking circuit, an important parameter is the 
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bandwidth of the filter at the output of the square- law 
detectors 3234 to 3237, or at the input to the A/D 
converters 3260 to 3263. 

This bandwidth effectively determines an equivalent 
integration time. An optimum acquisition circuit should 
have an integration time that depends on the SNR of the 
received signal r(t) * It is possible to design the 
four-port direct detection circuits with a fixed 
bandwidth (fixed RC filter at the FET output) and then 
realize further filtering digitally in the software 
module. The actual algorithm for the software module will 
depend on the FN code length, the SNR of the received 
signal, and clock frequency uncertainty at the beginning 
of the acquisition process. 

In the embodiment, circuits for the direct detection 
and FN code synchronization for direct sequence spread 
spectrum signals were explained. These circuits are based 
on the use of recently developed wide-band direct 
detection FET based circuits that exhibit a high degree 
of linearity. The circuits described in this embodiment 
effectively allow the analog realization of the 
dispreading function in a spread spectrum. Such a 
realization results in the receiver conplexity being 
independent of the PH code spreading clock frequency. The 
resulting circuits are significant in the design of 
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fu-ture wide-band spread spectirua receivers for sys^bems 
such as 36 WCDM^ and beyond. 

Namely, according 4:o tiie present: enibodimen'b, circuitis 
for the analog dispreading and direct conversion of a 
direct sequence RF spread spectanim signal based on FET 
wide-band direct-converter circuits are presented. The 
circuits enable the design of power efficient spread 
spectrum systems with a very high chip rate, where the 
complexity of the circuit is independent of the chip 
rate. The use of these circuits will solve a problem in 
the current state of the art, that is, realization of a 
spread spectrum where power consumption increases with 
the chip rate* 

Further, in this embodiment, circuits for the PN code 
synchronization and dispreading for different types of 
direct sequence spread spectrum are presented. These 
circuits enable the design of software radio receivers 
where the digital processing in the receiver is performed 
at the data symbol rate (or at a small multiple of the 
symbol rate) instead of the chip rate which is customary 
in state-of-the art realization of modern direct sequence 
spread spectrum receivers . 

In these circuits, the chip rate is only limited by 
the bandwidth and linearity of the FET based direct 
detector circuit. The recent development of FETs based 
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direct: detectors with very wide bandwidth and large 
dynamic ranges enables the realization o£ the proposed 
approach to direct seqpience spread spectrum receiver 
design proposed here. 

Accordingly, the present invention will allow greatly 
simplified receiver designs for spread spectrum and CDMA 
systems, including the realization of low-cost 
information processing devices to attach to the Internet. 
Spread spectrum systems are typically limited in 
spreading bandwidth due to the receiver complexity. The 
present invention will greatly extend the bandwidth limit 
for these systems. 

Note that, in the present invention, n-port devices 
were explained as exasiples of the dispreading use direct 
conversion circuit, however, the present invention can be 
applied to other types of direct conversion circuits, for 
example, shown in Fig. 19 (for example, refer to Japanese 
Unexamined Patent Publication (Kokai) No. 11-317777). 

The direct conversion circuit 40 of Fig. 19 comprises 
a quadrature demodulator 41, a quadrature modulator 42, 
and LPFs 43 and 44. 

The quadrature demodulator 41 consists of a local 
oscillator 411, multipliers 412, 413, and 414, and a 
phase shifter (n/2 shifter) 415. 

In the quadrature d^odulator 41, the multiplier 412 
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mul-tlplles a local signal 1 (t) by a PN code c(t) • 

Further tlie quadrature znodulator 42 is constituted by 
a local oscillator 421, multipliers 422, 423, and 424, a 
phase shifter 415, and an adder 416 « 

In the quadrature modulator 42, the multiplier 422 
multiplies a local signal l(t) by a PN code c(t). 

^ile the invention has been described with reference 
to specific embodiments chosen for the purpose of 
illustration, it should be apparent that numerous 
modifications could be made thereto by those skilled in 
the art without departing from the basic concept and 
scope of the invention. 

INDUSTRXAI. APPLICABIIilTY 

As described above, according to the spread spectrum 
receiver, the spread spectrum receiver ^nploys circuits 
21, 31 based on direct conversion techniques. These 
circuits allow the realization of spread spectrum 
receivers of greatly reduced complexi^ and of much 
higher chip rates than can be realized with the standard 
approach of a fully digital receiver. With these 
circuits, the digital processing at the receiver is 
performed at the data symbol rate and not at a multiple 
of the chip rate that is customary in state-of-the-art 
spread spectnom and CDMA receiver designs. 
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Lxs-t of References 

20 spread specbrum receiver 

21 n-port direct conversion circuit 

22 PN code tracking circuit 
5 23 digital circuit 

24 local oscillator 

210 five-port direct conversion circuit 
2101 multiplier 
2102,2103 phase shifter 
10 2104,2105 adder 

2106 to 2108 square-law detector 
2109 to 2111 RC filter 

210A four-port direct conversion circuit 
220 PN code tracking circuit 
15 2201 FM code generator 

2202,2203 phase adjusting circuit 
2204,2205 multiplier 
2206,2207 adder 
2208,2209 square-law detector 
* 20 2210,2211 band-pass filter (BPP) 

2212,2214 envelope detector 

2214 substructure 

2215 loop filter 

2216 VCO 

25 22 OA FN code tracking circuit 
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2221 FN code generaboir 
2222,2223 phase adjiist;lng circuit: 
2224,2225 multiplier 
2226 to 2229 phase shifter 
5 2230 to 2233 adder 

2234 to 2237 square-law detector 
2238 to 2241 law-pass filter (LPF) 
2242 to 2243 substructure 
2246,2247 norm circuit 
10 248 summing circuit 

2249 loop filter 

2250 VCO 

30 spread spectrum receiver 

31 n-port direct conversion circuit 
15 32 PN code tracking circuit 

33 digital circuit 

34 local oscillator 

310 five-port direct conversion circuit 
3101 QPSK modulator 
20 3102,3103 phase shifter 

3104,3105 adder 

3106 to 3108 s<iuare-law detector 
3109 to 3111 RC filter 
320 FN code tracking circuit 
25 3221a, 3221b FN code generator 
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3222a, 3222b, 3223a, 3223b phase adjusting circuit 
3224,3225 QPSK modulator 
3226 to 3229 phase shi£ter 
3230 to 3233 adder 
5 3234 to 3237 square-law detector 

3238 to 3241 LPF 
3242 to 3245 substructure 

3248 suxuming circuit 

3249 loop filter 
10 3250 VCO 

32 OA PN code tracking circuit 
3251 to 3254 multiplier 
3255 to 3258 adder 
32 OB PN code tracking circuit 
15 3260 to 3263 A/D converter 

3264 digital processor 
32 OC PN code tracking circuit 
3266 modulator 

3267,3268 four-port direct conversion circuit 
20 40 direct conversion circuit 

41 quadrature demodulator 

42 quadrature modulator 
43,44 LPF 

411,421 local oscillator 
25 412 to 414, 422 to 424 multiplier 
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415,425 phase shifter 
426 adder 
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CLAIMS 

1. A spread spectrum receiver receiving a spread 
spect:rum signal spread in bandwidth by a prede-termined 
spreading code, comprising; 

a local oscillator for outpntting a local signal 
witJi a predetermined frequency, 

a local spreading code generating means for 
generating a local spreading code according to the 
spreading code of the received signal, and 

a direct conversion circuit for generating a 
reference local signal based on the local signal from 
the local oscillator and the local spreading code from 
the local spreading generating means, generating two 
signals having a phase difference based on the received 
signal, and the reference local signal, and dispreading 
based on two signals having a phase difference. 

2 . A spread spectrum receiver as set forth in claim 

1, wherein 

the direct conversion circuit comprises : 

a multiplier for multiplying the local signal by 
the local spreading code and outputting the same as the 
reference local signal , 

a first phase shifter for shifting the received 
signal in phase, 

a second phase shifter for shifting the 
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reference local signal in phase, 

a first adder for adding the reference local 
signal and an output signal of the first shifter, 

a second adder for adding the received signal 
and an output signal of the second phase shifter, 

a first detector for detecting a signal level of 
an output of the first adder, and 

a second detector for detecting a signal level 
of an output of the second adder. 

3. A spread spectrum receiver as set forth in claim 
2, wherein 

the direct conversion circuit further comprises: 
a first filter for performing a predetermined 

filtering processing with respect to an output signal of 

the first detector and 

a second filter for performing a predetermined 

filtering processing with respect to an output signal of 

the second detector. 

4 . A spread spectrum receiver as set forth in claim 
2 , wherein 

the direct conversion circuit further coxnprises: 
a third detector for detecting a signal level of 
the received signal. 

5. A spread spectrum receiver as set forth in claim 

4, wherein 



2001-3075082 



^2 000 — 363847 

a £lrs^ filter £or performing a predetiermined 
filtering processing wltih respect: te an ou^ui; signal of 
the first; detector, 

a second filter for performing a predetermined 
filtering processing with respect to an output signal of 
the second detector, and 

a third filter for performing a predetermined 
filtering processing with respect to an output signal of 
the third detector. 

6. A spread spectrum receiver as set forth In claim 
1 , wherein 

the direct conversion circuit comprises : 

a modulator for modulating the local signal by 
the local spreading code and outputtlng the same as the 
reference local signal, 

a first phase shifter for shifting the received 
signal in phase, 

a second phase shifter for shifting the 
reference local signal in phase, 

a first adder for adding the reference local 
signal and an output signal of the first shifter, 

a second adder for adding the received signal 
and an output signal of the second phase shifter, 

a first detector for detecting a signal level Of 
an output of the first adder, and 
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a second detector for detecting a signal level 
of an output of the second adder. 

7* A spread spectrum receiver as set forth in claim 
6 , wherein 

the direct conversion circuit further convprises: 
a first filter for performing a predetermined 

filtering processing with respect to an output signal of 

the first detector and 

a second filter for performing a predetermined 

filtering processing with respect to an output signal of 

the second detector. 

8. A spread spectrum receiver as set forth in claim 
6 , wherein 

the direct conversion circuit further comprises: 
a third detector for detecting a signal level of 
the received signal. 

9. A spread spectnmi receiver as set forth in claim 
8, wherein 

the direct conversion circuit further comprises: 
a first filter for performing a predeteamined 

filtering processing with respect to an output signal of 

the first detector, 

a second filter for performing a predetermined 

filtering processing with respect to an output signal of 

the second detector, smd 
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a third filtez: for performing a predetermined 
filtering processing with respect to an output signal of 
the third detector. 

10 . A spread spectrum receiver as set forth in claim 
6, wherein the modulator comprises a quadrature 
modulator . 

11. A spread spectrum receiver as set forth in claim 
1, wherein the spreading code included in the reference 
local signal is synchronized to the spreading code of 
the received signal. 

12 • A spread spectrum receiver as set forth in claim 
1, wherein the carrier frequency of the received signal 
is approximately equal to the carrier frequency of the 
reference local signal. 

13. A spread spectrum receiver as set forth in claim 
2 , . wherein at least one of a first detector and second 
selector emprises a square-law detector. 

14 . A spread spectrum receiver as set forth in claim 
4, wherein at least one of the first, second, and third 
detectors comprises a square-law detector. 

15. A spread spectrum receiver as set forth in claim 
6, wherein at least one of the first detector and second 
selector cduprlses a square-law detector. 

16. A spread spectrum receiver as set forth in claim 
8, wherein at least one of the first, second, and third 
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det:ect;ors coioprises a square-law detector. 

17. A spread spectrum receiver receiving a spread 
spectrtm signal spread in bandwidth by a predetermined 
spreading code, comprising: 

a local oscillator for outputting a local signal 
with a predetermined frequency, 

a local spreading code tracking means for 
generating a local spreading code through a process of 
synchronization and tracking based on the received 
signal and local signal from local oscillator, and 

a direct conversion circuit for generating a 
reference local signal based on the local signal from 
the local oscillator and the local spreading code from 
the local spreading tracking means/ generating two 
signal having a phase difference based on the received 
signal and the reference local signal, and dispreading 
based on two signals having a phase difference - 

18. A spread spectrum receiver as set forth in claim 
17 , wherein 

the local spreading code tracking means 

comprises: 

a local spreading code generator for generating 
the local spreading code based on a value of a control 
signal , 

a first phase adjusting means for delaying the 
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generated local spreading code by a predet^erzaxned ^ime, 

a second phase adjusting means for advancing the 
generated local spreading code by a predetermined time, 

a first multiplier for multiplying the local 
signal by an output of the first phase adjusting means, 

a second multiplier for multiplying the local 
signal by an output of the second phase adjusting means, 

a first adder for adding the received signal and 
an output of the first multiplier, 

a first detector for detecting an amplitude 
component of an output signal of the first adder, 

a first envelcpe detecting means for detecting a 
first envelope of an output signal of the first 
detector , 

a second adder for adding the received signal 
and an output of the second multiplier, 

a second detector for detecting an amplitude 
component of an output signal of the second adder, 

a second envelope detecting means for detecting 
a second envelope of an output signal of the second 
detector , and 

a control signal generating means, for generating 
the control signal so as to reduce the difference 
between the first envelope and second envelope close to 
zero. 
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19. A spread spectirum receiver as se'b forth in 
claim n, wherein 

the local spreading code tracking means 
coniprises : 

5 a local spreading code generator for generating 

the local spreading code based on a value of a control 
signal, 

a first phase adjusting means for delaying the 
generated local spreading code by a predetermined time, 
10 a second phase adjusting means for advancing the 

generated local spreading code by a predetermined time, 

a first multiplier for multiplying the local 
signal by an output of the first phase adjusting means, 
a second multiplier for multiplying the local 
15 signal by an output of the second phase adjusting means, 

a first phase shifter for shifting the received 
signal in phase, 

a second phase shifter for shifting an output 
signal of the first multiplier in phase, 
20 a third phase shifter for shifting an output 

signal of the second multiplier in phase, 

a fourth phase shifter for shifting the received 
signal in phase, 

a first adder for adding an out^^ut signal of the 
25 first phase shifter and the output of the first 
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mult:xpl±er , 

a second adder £oz: adding the received sxgnal 
and an outpn-b signal o£ the second phase shifter, 

a third adder for adding the received signal and 
an output signal of the third phase shifter, 

a fourth adder for adding the output signal of 
the second multiplier ancl an output signal of the fourth 
phase shifter, 

a first detector for detecting a signal level of 
an output of the first adder, 

a second detector for detecting a signal level 
of an output of the second adder, 

a third detector for detecting a signal level of 
an output of the third adder, 

a fourth detector for detecting a signal level 
of an ou^ut of the fourth adder, 

a first filter for performing a predetermined 
filtering processing with respect to an output of a 
first detector, 

a second filter for performing a predetermined 
filtering processing with respect to an output of a 
second detector, 

a third filter for performiTng a predetermined 
filtering processing with respect to an output of a 
third detector. 
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a fourth filter for performing a predetermined 
filtering processing with respect to an output of a 
fourth detector, 

a first norm circuit for computing a first norm 
5 based on outputs of the first and second filters, 

a second norm circuit for computing a second 
norm based on outputs of the third and fourth filters, 
and 

a control signal generating means for generating 
10 the control signal so as to reduce the difference 

between the first norm and second norm close to zero. 

20. A spread spectrum receiver as set fourth in 
claim 19, wherein at least one of the first, second, 
third, and fourth detectors comprises a scpaare-law 

15 detector. 

21. A spread spectrum receiver as set fourth in 
claim 19, wherein the spreading code tracking means 
further ccmprises: 

a means for removing D.C. offset from outputs of 
20 the first, second, third, and fourth filter. 

22 . A spread spectrum receiver as set forth in 
claim 17, wherein 

the local spreading code tracking means 
comprises : 

25 a first local spreading code generator for 
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genexa-bing an xn-phase local spreading code based on a 
value of a con'brol signal, 

a second local spreading code generaiior for 
genera'bing a quadra'bion local spreading code based on 
1:he value of a conteol signal, 

a first; phase adjus-bing means for delaying t:he 
generat^ed in-phase amd quadra-bion local spreading codes 
by a predetermined 'time, 

a second phase adjus'bing means for advancing tiie 
genera-bed in-phase and quadration local spreading codes 
by a predetermined -bime, 

a f irs^ quadrature modulater for modula'bing the 
local signal by output: signals of the first: phase 
adjusting means, 

a second quadrature modulator for modulating the 
local signal by output signals of the second phase 
adjusting means, 

a first phase shifter for shifting the received 
signal in phase, 

a second phase shifter for shifting an output 
signal of the first quadrature modulator in phase, 

a third phase shifter for shifting an output 
signal of the second quadrature modulator in phase, 

a fourth phase shifter for shifting the received 
signal in phase. 
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a first adder for adding an output signal of the 
first phase shifter and the output of the first 
quadrature modulator, 

a second adder for adding the received signal 
and an output signal of the second phase shifter, 

a third adder for adding the received signal and 
an output signal of the third phase shifter, 

a fourth adder for adding the output signal of 
the second quadrature modulator and an output signal of 
the fourth phase shifter, 

a first detector for detecting a signal level of 
an output of the first adder, 

a second detector for detecting a signal level 
of an output of the second adder, 

a third detector for detecting a signal level of 
an output of the third adder, 

a fourth detector for detecting a signal level 
of an output of the fourth adder, 

a first filter for performing a predetermined 
filtering processing with respect to an output of a 
first detector, 

a second filter for performing a predetermined 
filtering processing with respect to an output of a 
second detector, 

a third filter for performing a predetermined 
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filtering processing with respect to an output of a 
third detector, 

a fourth filter for performing a predetermined 
filtering processing with respect to an output of a 
fourth detector, 

a first norm circuit for computing a first norm 
based on outputs of the first and second filters, 

a second norm circuit for conqputing a second 
norm based on outputs of the third and fourth filters, 
and 

a control signal generating means for generating 
the control signal so as to reduce the difference 
between the first norm and second norm close to zero. 

23- A spread spectrum receiver as set fourth in 
claim 22, wherein at least one of the first, second, 
third, and fourth detectors con^rises a square-law 
detector. 

24 . A spread spectrum receiver as set fourth in 
claim 22, wherein the spreading code tracking means 
further comprises: 

a means for removing D.C. offset from outputs of 
the first, second, third, and fourth filters. 

25. A spread spectrum receiver as set forth in 
claim 17, wherein 

the local spreading code tracking means 
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comprises : 

a first local spreading code generator for 
generating an in-phase local spreading code based on a 
value of a control signal, 

a second local spreading code generator for 
generating a quadration local spreading code based on 
the value of a control signal, 

a first phase adjusting means for delaying the 
generated in-phase local spreading code by a 
predetermined time, 

a second phase adjusting means for delaying the 
generated quaidration local spreading code by a 
predetescmined time, 

a third phase adjusting means for advancing the 
generated in-phase local spreading code by a 
predetermined time, 

a fourth phase adjusting means for advancing the 
generated quadration local spreading code by a 
predetermined tdLzoe, 

a first multiplier for multiplying the local 
signal by an output signal of the first phase adjusting 
means , 

a second multiplier for multiplying the local 
signal by an output signal of the second phase adjusting 
means. 
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a third iault:xpller for multiplying the local 
signal by an output signal of the third phase adjusting 
means , 

a fourth multiplier for multiplying the local 
5 signal by an output signal of the fourth phase adjusting 

means, 

a first adder for adding the received signal and 
an output signal of the first multiplier, 

a second adder for adding the received signal 
10 amd an output signal of the second multiplier, 

a third adder for adding the received signal and 
an output signal of the third multiplier, 

a fourth adder for adding the received signal 
and an output signal of the fourth multiplier, 
15 a first detector for detecting a signal level of 

an output of the first adder, 

a second detector for detecting a signal level 
of an output of the isecond adder, 

a third detector for detecting a signal level of 
20 an output of the third adder, 

a fourth detector for detecting a signal level 
of an output of the fourth adder, 

a first filter for performing a predetermined 
filtering processing with respect to an output of a 
25 first detector. 
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a second filter for performxng a predetermined 
filtering processing with respect to an output of a 
second detector, 

a third filter for perf onolng a predetermined 
5 filtering processing with respect to an output of a 

third detector, 

a fourth filter for performing a predetermined 
filtering processing with respect to an output of a 
fourth detector, 

10 a first norm circuit for computing a first norm 

based on outputs of the first and second filters, 

a second norm circuit for confuting a second 
norm based on ou^uts of the third and fourth filters, 
and 

15 a control signal generating means for generating 

the control signal so as to reduce the difference 
between the first norm and second norm close to zero . 

26. A spread spectnmi receiver as set fourth In 
claim 25, wherein at least one of the first, second, 

20 third, Mid fourth detectors comprises a square-law 

detector • 

27. A spread spectrum receiver as set fourth In 
claim 25, wherein the spreading code tracking means 
further contprlses: 

25 a mean for removing D.C. offset from outputs of 
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the first, second, third, and fourth filters. 

28. A spread spectrum receiver as set forth In 
claim 18, wherein 

the direct conversion circuit comprises: 

a multiplier for multiplying the local signal by 
the local spreading code and ouiputtlng the same as the 
reference local signal, 

a first phase shifter for shifting the received 
signal in phase, 

a second phase shifter for shifting the 
reference local signal in phase, 

a first adder for adding the reference local 
signal auid an output signal of the first shifter, 

a second adder for adding the received signal 
and an output signal of the second phase shifter, 

a first detector for detecting a signal level of 
an output of the first adder, and 

a second detector for detecting a signal level 
of an output of the second adder. 

29. A spread spectrum receiver as set forth in 
claim 28, wherein 

the direct conversion circuit further con^rises: 
a first filter for performing a predetermined 

filtering processing with respect to an output signal of 

the first detector, and 
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a second filter for performing a predetermined 
filtering processing with respect to an ou^ut signal of 
the second detector. 

30. A spread spectrum receiver as set forth In 
claim 28, wherein 

the direct conversion circuit further comprises: 
a third detector for detecting a signal level of 
the received signal. 

31 . A spread spactsrum receiver as set forth In 
claim 30, wherein 

the direct conversion circuit further comprises: 

a first filter for performing a predetermined 
filtering processing with respect to an output signal of 
the first detector, 

a second filter for perfonnlng a predetermined 
filtering processing with respect to an output signal of 
the second detector, and 

a third filter for performing a predetermined 
filtering processing with respect to an output signal of 
the third detector. 

32 . A spread spectrtjm receiver as set forth In 
claim 19, wherein 

the direct conversion circuit comprises : 
a quadrature modulator for modulating the local 
signal by the In-phase and quadratlon local spreading 
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codes and oui^utting the same as the reference local 
sxgnal , 

a first phase shifter for shifting the received 
signal in phase, 

a second phase shifter for shifting the 
reference local signal in phase, 

a first adder for adding the reference local 
signal and an output signal of the first shifter, 

a. second adder for adding the received signal 
and an output signal of the second phase shifter, 

a first detector for detecting a signal level Of 
an output of the first adder, and 

a second detector for detecting a signal level 
of an output of the second adder. 

33. A spread spectrum receiver as set forth in 
claim 32, wherein 

the direct conversion circuit further conqprises : 
a first filter for performing a predetermined 

filtering processing with respect to an output signal of 

the first detector and 

a second filter for performing a predetermined 

filtering processing with respect to an output signal of 

the second detector. 

34. A spread spectzrum receiver as set forth in 
claim 32, wherein 
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the direct conversion clrcui-b further comprises: 
a third detector for detecting a signal level o£ 
the received signal. 

35 . A spread spectrum receiver as set forth in 
claim 34, wherein 

the direct conversion circuit further coaprises: 

a first filter for performing a predetermined 
filtering processing with respect to an output signal of 
the first detector, 

a second filter for performing a predetermined 
filtering processing with respect to an output signal of 
the second detector, and 

a third filter for performing a predetermined 
filtering processing with respect to an output signal of 
the third detector. 

36. A spread spectrum receiver as set forth in claim 
17, wherein the spreading code included in the reference 
local signal is synchronized to the spreading code of 
the received signal* 

37 . A spread speqtrum receiver as set forth in claim 
17, wherein the carrier frequency of the received signal 
is approximately equal to the carrier frequency of the 
reference local signal. 

38. A spread spectrum receiver for software radio 
receiving a spread spectrum signal spread in bandwidth 
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by a predetermined spreading code, comprising; 

a local oscillat:or for outpu1:^ing a local signal 
with a predetermined frequency, 

a local spreading code tracking means for 
generating a local spreading code through a process, 
including digital processing, of synchronization and 
tracking based on the received signal and the local 
signal from the local oscillator, and 

a direct conversion pircuit for generating a 
reference local signal based on the local signal from 
the local oscillator and the local spreading code from 
the local spreading tracking means, generating two 
signals having a phase difference based on the received 
signal and the reference local signal, and di spreading 
based on the two signals having a phase difference. 

39. A spread spectrum receiver as set forth in 
claim 38, wherein 

the local spreading code tracking means 
comprises : 

a first local spreading code generator for 
generating an in-phase local spreading code based on a 
value of a control signal, 

a second local spreading code generator for 
generating a quadration local spreading code based on 
the value of a control signal, 
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a first: phase adjusliing means for delaying 1:he 
generat:ed xn-phase and quadra1:xon local spreading codes 
by a predetierxolned ^Ime, 

a second phase adjusting means for advancing the 
5 generated in-phase and qaadration local spreading codes 

by a predetermined time, 

a first quadrature modulator for modulating the 
local signal by an output signals of the first phase 
adjusting means, 

10 a second quadrature modulator for modulating the 

local signal by an output signal of the second phase 
adjusting means, 

a first phase shifter for shifting the received 
signal in phase, 
15 a second phase shifter for shifting an output 

signal of the first quadrature modulator in phase, 

a third phase shifter for shifting an output 
signal of the second quadrature modulator in phase, 

a fourth phase shifter for shifting the received 

20 signal in phase, 

a first adder for adding an output signal of the 
first phase shifter and the ou-^ut of the first 
quadrature modulator, 

a second adder for adding the received signal 
25 and an output signal of the second phase shifter. 



a5liE# 2001-3075082 



#2000—363847 

a third adder for adding the received signal and 
an output signal o£ the third phase shifter, 

a fourth adder for adding the oui^ut signal of 
the second quadrature modulator and an output signal of 
the fourth phase shifter, 

a first detector for detecting a signal level of 
an output of the first adder, 

a second detector for detecting a isignal level 
of an output of the second adder, 

a third detector for detecting a signal level of 
an output of the third adder, 

a fourth detector for detecting a signal level 
of an ou^ut of the fourth adder, 

a first filter for performing a predetermined 
filtering processing with respect to an output of a 
first detector, 

a second filter for performing a predetermined 
filtering processing with respect to an ou'^ut of a 
second detector, 

a third filter for performing a predetermined 
filtering processing with respect to an output of a 
third detector, 

a fourth filter for performing a predetermined 
filtering processing with respect to an output of a 
fourth detector. 
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a first analog to digital (A/D) converting means 
for converting output analog signals of the first and 
second filters to digital signals, 

a second A/D converting means for converting 
outputs analog signals of the third and fourth filters 
to digital signals, and 

a digital processing means for generating the 
control signal so as to reduce the difference between 
the ou'^uts of the first A/D converting means and second 
A/D converting means close to zero. 

40. A spread spectrum receiver as set fourth in 
claim 39, wherein at least one of the first, second, 
third, and fourth detectors cosqprises a square- law 
detector . 
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ABSTRACT OF THE DISCLOSURE 



The spread spect^rxun receiver enploys circuit 21, 31, 
et:c. based on direct conversxon -bechnxques. These 
cxrcui-bs enable realization of spread spectrum receivers 
of greatly reduced conplexlty and of much higher chip 
rates than can be isplemented with the standard approach 
of a fully digital receiver. With these circuits, the 
digital processing at the receiver is performed at the 
data symbol rate and not at a multiple of the chip rate 
that is customary in state-of-the art spread spectrum 
and CDMA receiver design. 
[Representative Drawing] Fig. 2 
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-K (±iffi) ^mm^^^tuz^ij^m^ntcLU-itjjvm^i (t) iisriisj^ 
•^^T'-a-^b, — o(Z)M-^fe-5v\ii2o^sv>i±-etije*±®'©#$:mi7f-5o m 

[0 0 3 8] 
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PNu- Kiii»5iiis&2 2ii. mmm^^^<D^mm^r (t) i3^z:^u-ij)i^ 
m^2 4:K^^u-:fjjvm-^i (t) izm-^Kmm cmm ^^mmmn^m 

$:iiLTn-;{7;i/PNii~ FSr^^f So 
[0 0 3 9] 

[0 0 4 0] 

r^{c, n/K- h^V hny/^~p3ymm2 iJ3j:t>*PNii - KiiiSli^i^ 
imji&2 2<Z)=R^fi«;;&«f!gfeJ;t)f«7is:6t;^«||g{CoVNTJiiS:j6oTMt-S3 
[0 04 1] 

[0 0 4 2] 

S3tt, :*:|§0^1C'^S 5 (n=5) tK- K ^JT^T 1/ ^ N n > A- s >iajiJ&(D;g| 
[0 0 4 3] 

5;K- h^>r l/^ h=i>7\*-i;3>|lIS&2 1 0«, gI3lC^t-J:^JC, 
2 1 0 1. ffi^Bi/:?^ 2 1 0 2, 2 1 0 3, *1E^2 1 0 4, 2 1 0 5 , ^Ig^ 
2 106, 2107, 2108, ^XJ^RC y ^ Jl ^ 2 1 0 9 , 2110, 21 
1 1 5:^LTV\So 
[0 0 4 4] 

1, RC^-f 2 1 0 9 (jtf- h) , rc:7^';l/^ 2 1 1 0(Z)m:^j 

[0 0 4 5] 



2 6 
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^mn^z 1 0 6-2 1 0 8(Dmms (. ) it. iLmmmiz.i5^j:^$>^\Mt 

mMmzit^V\i^0mmm^v:&^). RC:7>f;i/^2 i 0 9~2 i i i^, —rk 

[0 0 4 6] 

m#ii2 1 0 1 {cfev>rii, '^mm^T (t) tiK pi^n-}inmunm^2 

2^Ci3V^T|S^«l^<fctJ^l^fl^^t*^aS:JiLT#^>tlfePNzI- Kc (t) ii^ft 

u :7T i^>^n-?57;vM#s 210 2if'm^i/-7^ 2103 ^J:tK;(in 

^#12 1 0 4 {Cm:^$tl§„ n-;ij;i/fS# 1 (t) j&'^Bcos CcOj, t-7r/4 

] V yr \/y^u~:fyj]/m^it. (t) cos Coj^. t- 

[0 0 4 7] 

2 1 0 2 ^C^3V^T^i, ^fiM-^r ( t ) e (7^^X.lS4 5° 
i-f&m^y hStl, 2 10 2 (re (t) ) ;b^jD^||2 1 0 4{Cffi:tf$tl 

-So 

[0 0 4 8] 

^^iyy-ii 2103 ^c^v^Ttt, ^Jyr iyyy.u~ij;vs 210 2i!)^erd\,'f& 
^iyy N^ti. -^#3 210 3*>iU##|2 1 0 5{Cffl;^j$ti'g)o 
[0 0 4 9] 

^fDii[^2 10 4 ^c^v^T^±, m^iyy^x 2 10 2®m:^J^-^s 21 OAH^yy 
T\yyy.u-:^)\ym^s 2 10 1 fi^tiaM--^n. 2104 X)^^?^#|2 107 

[0 0 5 0] 

*Dl[^2 1 0 5^cSv^T^i, m^tyy^ 210 3©m:^j^#s 2103 h^m 

m^v (t ) ^^;fim$n, 2 10 5*':^?^^#2 1 0 8 {cm;^JStl-5o 

[0 0 5 1] 

«IM^2 1 0 6^CfeV^T^±, ^M^-^r (t) ©^Sd^^Tb^^^SS tl, 

ti^ssi|iifiK4^*'JRC7'r;i/^ 2109 ic-gt^^stiSo 

[0 0 5 2] 

m§.^2 1 0 7{cfevNrii, mn^2 1 0 4®m:^3##s 2 1 0A<DmmwL6^ 
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[0 0 5 3] 

mm^2 1 0 StCfeVNTtt, 1 0 5®m;^J^#S 2 1 0 5(Dmm^^ 

ti^m&^n. m^^ntcmmm^i^^Rcy ^ 2 1 1 nzmm^n^. 

[0 0 5 4] 

RC7>r 2 1 0 9 li, fci:;^ifD-A;^:7>f (lpf) izj:i)mm-^ 

^7'i^^J\ym^2 3iZlif,ij-t^o 
[0 0 5 5] 

RCy^JV^ 2 1 1 0«, tciL^itLFFiZ^Vm^-^n. =^M^2 1 0 7 {C 

2 3iZlii±l-tS. 

[0 0 5 6] 

RC7w;i/^ 2 1 1 1 li. :fet;i{iL p FicJ: »J«lfife$ti. ^mm2 1 0 81C 
J:SigipiMg:$)-{C^-t-5:7W';i/^ U /N°*7->fS#P2 ^^^^'^^'UbIS^ 

2 3icm;^-rso 

[0 0 5 7] 

o 

[0 0 5 8] 

[mi] 

r(t)=Am(t)cos(co^.t + ^(t)) (1) 
[0 0 5 9] 

<^ (t) ityp^<i) tmmmm-t^t€.&Lt^m^(D^^v&''). m 
(t) itmmm^X'$>^o ±mvr:^^oiz. □-;«7;i/M#i (t) =bcos c 

CO J. t - 7r/4 ] i:-t<5o 
[0 0 6 0] 

=foL> n-;ij;i/^#i (t) Tb'i^^tc^^M-tr (t) ^mmUW^^t. 4> 

( t ) =- 7C/4 

2 8 ajaE^2 0 0 1 - 3 0 7 5 0 8 2 
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[0 0 6 1] 
[0 0 6 2] 

m2] 



(«:„r,(t)+K„c(t)l(t 



Lp 



K\,r*{t) + 2K„ts„BrJt)c(t)cos^oj,t - + tsX^*)*' W| (2) 
+ K„tC„ABm(t)c(t)cosU + - ©J 



—4^ — m'ltB + 



[0 0 6 3] 

Z1Z1T% hplta-J^Ts^'^^^Ls re (t) tt^+gS: 0 ;ei:t2/7 h Lfer 
(t) i:^LVA„ 

[0 0 6 4] 

[0 0 6 5] 

[^3] 



[0 0 6 6] 
[0 0 6 7] 
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m4} 

[0 0 6 8] 
[0 0 6 9] 

[ifcs] 

Y^=km(t) c (t) cos* (5) 
[0 0 7 0] 

me] 

YQ=-km(t)c(t)sin0 (6) 
[0 0 7 1] 

>'A-i?3>iaj^2 1 o«. i-Q^^ hztyA-^ tLxmm-t^z.nti'^ 

[0 0 7 2] 

^ hnyA-t;f3ymmzmi^-^-it^:ziiti^x^^o ziziT'. i-Q^-^lt. Y 

[0 0 7 3] 

65 >5i >tr - X o V ^ T # ^ -t -5 = 
[0 0 7 4] 
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mi'] 

r(t) = A(ini<1:)<:os(Oot + ^) + in,(t) sin (cs^t + 4>) > C> 

[0 0 7 5] 

[0 0 7 6] 

[^8] 



[0 0 7 7] 



[lgt9] 



(9) 



[0 0 7 8] 
[0 0 7 9] 

mio] 
#«,(/) 



IT 5f ir 




(10) 
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[0 0 8 0] 

[0 0 8 1] 
[18(1 1] 

'",(')J ° ^ \cos^cos^ J[Fa 

(11) 

[0 0 8 2] 

mm) i-Qm^\t, ^ (i d ®i:e)(c, t'^' n -5^-^/3 > 

[0 0 8 3] 

A-r ^ tc tgltt- S Zl *^T' ^ S „ 
[0 0 8 4] 

f««&oM^icJ3itsn-;fj;i/^l6^2 4<?)n-?5j;i/>g#i (t) 
, 'a^g4)S:jij^-t-5fei?)(D2o®^j&T>''n-5^5()^fe€)o — o® T::^n -f^-tt^ 

[0 0 8 5] 
[0 0 8 6] 



ffi$E# 2001-3075082 



#2 000 — 363847 



1 1 ^J;tJf2 1 2tt'9->^'^5:^L, 213J3<fct>*214 A/D 3 > A- ^J? $: 
mL> 2 1 Stt^^Bit^^ (xXt^-T • t^-T D-t^-^ 216 

MMWm^tl (xXT^-f^-a?) 2 1 7 ««i±$!lWlg|g#l (VCO 

) ^^L/TV^-5„ 

[0 0 8 7] 

5ffiM?gtl(«i^T;i/=ru>CAtt. ^>©fg#r (t) (D^-rvrizM-t^a-itjjv 
is, QAM^Mic ovarii, -eitsm^^li, •TPStjvh^y^y'!f)V-':ftL 

ecision direct method)"^^'^ (:$CM [3] #M : H.Meyr,M.Moeneclaey,and S. 
Fechtel .Digital Confflunication Receivers:Synchronization,Cannel Estimatio 
n,and Signal Processing ) „ 
[0 0 8 8] 

)]ymm (ss) ^mmit. m6(D^^ h:nyA-^^mm(D/\-\^^jLrv 

[0 0 8 9] 

■e®i:e)«i^>r t'^ h=r>A-i;a >imJi!&liB|3 tCa^^tiTv^So ±jZ&Ufe,k 
e){c, HStc^VNT, c (t) «PN3-K (±im (Dn~^)VU^V iJ^^ 
L/TV>€)o 3(Dn-5!j;i/PN3- Ktt, PN3- K|^ii#i^I@Ili5&2 2^C^3V^TI1I 

[0 0 9 0] 
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[0 0 9 1 ] 
[0 0 9 2] 

^a^Mtt, I S-9 5feSV^^±WCDMAi/X5^A^C^WS/^°>r n^y hM-^T' 

^ S o 

[0 0 9 3] 

07«. ig2cz)PNz3- Ki^si«i#iai?&©^^M$:^'r0T'fes„ 

PNzr- KW»l«it 1115^2 2 Oli, ® 7 ic^f J: e» PNzi--F^^^2 2 

0 1 , &mm^m^ 2202, 2203, 2204, 2205. snw#i 2 

2 0 6, 2 2 0 7, Zl^^tM2 1 0 8, 2 2 0 9, A > F^N°X 7 >r ;i/ ^ (BP 
F) 221 0, 2211, :r.yKu--:rmk^2 2 1 2. 2 2 1 3, 2 2 

14, ;i'~:/:7-f 2 2 1 5, J3«fctJfVCO 2 2 l 6 $:^L/TV^■^)o 
[0 0 9 4] 

^y^J^^clKD^RSOPNn- K(Z)i/X7^A {rz.t.A.\,t. I S-9 5, fe-SVAttW 

uisition) ^j:t)f|^ii«#(tracking)(^>2o0«i|g$:||fT-e^Sc 
[0 0 9 5] 

TOPN3 - n ^y ^Mt«:t7-fe>y h < n-^;i/ 
PN=r- FMSiE^Slc^VNTPNn- \^^%\^Kti^Z.h\z^ tj>?.^-r Ft* 

[0 0 9 6] 

TO^i*;i/->^(Z)VCO<©M?'tllS[CD^7^^yyS(I^li, PNn- F;R^J:t>*7-r 
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[0 0 9 7] 

M.i$>miZlt. PN=3- K^^ig#|2 2 0 1 ^C^3V^T, P N =r - K c (t) tiVC 
O 2 2 1 6tC<fc<g>^JM#S 2 2 1 6 ^cat5^^T^A^$4^, ^m$ti;t:PNn- 
Kc (t) li, ■6S:^BM?gllIS«&2 2 0 2, 2 2 0 3, fcj:tJf|a3(D5:^f- h^-r 1/ 

h=i>A-e;H>im^2 i o®m»#i2 i o i (fe-g>vN«iif4(^4:jf- h^>r 

h n^z-^'-S^'a >I@Ili^2 1 0 A(Z)^W^2 10 1) cai:^! $ tl-So 
[0 0 9 8] 

&mmmm^2 2 0 2tcfeVNT«, PNh- K^^^2 2 0 1 ICJ: y^^sti 

fePN3-Fc (t) (D^+B*^, -A (^#, A=l/2^^y:/) fe'ltilj^^tl 

, -^#3 2 2 0 2 (c (t-A) ) 2 0 4izmi:j^n^>o 

[0 0 9 9] 

fiL^aMMia!&2 2 0 3 ^CJ3V^Ttt, PN3 - K^^#|2 2 0 1 ICj: V^^Stl 
fePNn-Kc (t) (^^^i*^ +A (±«EbfeJ:e)JC, A=l/2^>y 
fe'JtMMStl, '»#S2203 (c (t+A) ) iimn-m2 2 0 5iZmt!-^ 

[0 10 0] 

mi[||2 2 0 4(cfcVNTl*>. n-:*;i/M#i (t) C=Bcos (oj^t)] 

tim^mmm^2 202 ic^^mtim^s 2202 nmn^t^^n (mn^ti) 

, M-^S 2 2 0 4 (Bj. (t-A) cos (ojq t ) ) *^SD^|| 2 2 0 6tcm:d 
[0101] 

m##|2 2 0 5 (Cj3VNT«, n-;i7;i/'fi# 1 (t) i=B^ cos (coq t) 

3 ii^^mmMmm2 2.0 3 icj:smi;M#s 2203 (.mm^ti 

) , (Bj, (t+A)cos(ajQt)) i)mni^2 2 0 7 icm:^;^ tl-So 

[0 10 2] 

iD^t|2 2 0 6 ^CfeV^Ttt> ^-©M"^ r (t) C=Ac (t) cos ( oj q t 
+ 0 ) ] tfkMI^ 2 2 0 4 (Z)m:t7M# S 2 2 0 4 L, S 2 2 0 6 ( r 
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(t) +B(, (t-A) cos (a>Q t ) ) ti^^m^^^Z 2 0 8Jcm;d$n-5 

o 

[0 10 3] 

Mm.m2 2 0 7 iZi3\^Xit. ^mm^r (t) ^^m^2 2 0 5(Dffi:^fg#S 
2 2 04 $:JIIBL. fS"^ S 2 2 0 7 (r (t) (t+A) cos (coq t 

) ) *^Zim^|g^2 2 0 9(Cffi;fj$tlSo 
[0104] 

-mM?M2 2 0 8^Cfe.V^Tii, M-^A 1 *^;{jnW^ 2 2 0 7(Z)ffii3m#S 2 2 
0 7 ^C^^'V^T#^tl-5 = 
[0 10 5] 

im^tC, -^^M2 2 0 9lC^V%Ttt. #-^A2A^iOm^2 2 0 8®ffi:d'fl 
■^S 2 2 0 8 lC^r5VAT#^tl-So 
[0 10 6] 

[0 10 7] 

mi 2] 

(r(t) + Bc(t - A) cos (00^)' ■» 

r*(t) + 2Br (t)c<t-A)coa(caot) + B'oMt-A) cosM»ot) (12) 

[0 10 8] 

A> F>'N'x:7>f (BPF) 22ioom:^tt, ^?c®A:*7lc#t- hVN° 

[0 10 9] 
[fS[ 1 3 ] 

ABo<t:)c(i: - A) COS + <|)) (13> 

[0 110] 
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[0 111] 



[IKtl 4] 




[0 112] 
[0 113] 

B 1 {C^(^Sx>/<n-^^?^^2 2 1 2<Dmi]it. rk(DJ:oiZfj:^^ 
[0 114] 
[1KC15] 



[0 115] 

mmiz^ B 2,^jcfei-ts#-^ (x>/<n-::^^^?M2 2 i 3®mij) 

[0 116] 

[IS:i6] 

|ABc(t)c(t a)| 

[0 117] 
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[0 118] 
[0 119] 

[0 12 0] 

ig-efeSo •eoj:e>^iBis&^ifims«&$:igfftsfc4?)> ^^^?«2 2 0 8 (22 

0 9) CDffi;d$:, A;tffg-^ r (t) ^3 J: t>*n U ^ T 1/ L ^ (t) 
[0121] 

.mi 7] 

s:(t) « ^(i:}cos(fi»et ^} (15) 

[0 12 2] 

[tSC 1 8 ] 

"r'(t) + i:.i^(t) + 2^Bc(t)e(t - -c)cos(<J> + 0) + double 
£requQnc3f ^exm (17) 

[0 12 3] 
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, -6i*B0tt|||^tcii^fm^iftT'$>y, * (t) =A<ott.m<^t.if^V^^^ A 

[0 12 4] 

" S" ;!j-y^^^t--g>fe«?){Cli, " r-U -(early) " U7Tl/>XM#L 

£ (t) (t + T).cos (ojj, - 9) ^®fflg9^i^^^■rL%l^^il"e^v^z: 
mtm^fj^x^^^o mmit<Dr^!^. msizis^f^m&^m^WLi^ijit. i (un 

[0 12 5] 
[ffc 1 9 ] 

(r(t) + LoHtH' = 

r'(t) + I.o*(t) -0- ^o(t)G(4: -«- ■c)cos(0 + ©) + double 
frequency 'bona (18) 

[0 12 6] 

^ (1 7) iB^Vf- (18) JC^J:J--2>'fi#tt, a^^^r^(D5s^( inverse 
[0 12 7] 
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m2 0] 

r ^ (t) + (t ) + ABc(t )c(t - t)cos(<|> + 0) (19) 



r*(t) + L*(t) + ABc{t)c(t -T)cos(cl)-e) (20) 



(t) + L',(t) + ABc(t)c(t +T)cos(<t> + 8) (21) 



(t) + L',(t) + ABc(t)c(t +t)cos(<|> - e) (22) 

[0 12 8] 

^JV^ (LPF) ^m(Dminverse) J: U -h^^lC/jN$ V> ii-^^-T -S^fSCtC J; o T 
3fi{6(T'#^„ ^(D^mit. DC:i'y±y htLXl^o^ttf^Vm. m^X^^^o 

^m^r=.ib<Dmimf)^-^mx:&^. L/*^L^;&^?j, J:yfg#^T^n-^li, mM 
m^mo^t. J3i:r>*2oCD" S" :^~^(DmX&S" S" ^--/^r^^^f -53 
ilX$>^o h;KZ)J5g:9'i: LTZltiej 2o(D:^S:#^ti-S, 2 o(Z)T >''n 

[0 12 9] 

m2 1] 

= IaOcC^ - e }c{il - r}cos{^ + ©) - ABcU - s)c{i + 's)ci?s(^ + ©)j 



<23) 

[0 13 0] 
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[0131] 

PN3- K|sl^'^^tm2 2 0 Ali, mi 0 tc^-r J:e)fc, PNn-F^^^ 
2 2 2 1, UmmMM^ 2222, 2223, 2224, 2225, &m 

i/y^t 2 2 Z 6, 2 2 2 1 y 2 2 28, 2229, MW-^ 2230, 2231, 
2232, 2233, n^^W.^ 2234, 2235, LPF2238, 223 
9, 224 0, 2241, 2242, 2243, 2244, 2245, J 

;i'Aiaji!&2 2 4 6, 2 2 4 7, ^^a|eIS& 2 2 4 8 , V yi/^ 2 2 4 9 , 

J:tJfVCO 2 2 5 0 S:;tbTV^€>o 
[0 13 2] 

PNn- K^^#|2 2 3 1 ^CfeV^Ttt, PNn-Kc (t) *^VCOfCi:^0J 
^m#S 2 2 5 0 (CS^VNT^^Stl, :^^$n;^:PNll- Fc (t) li, -glffi 
Sl^ia8&2 2 2 2, 2 2 2 3, ^ J:t>*® 3 (Z) 5 h ^-f l/^ h n>A-t;?3 > 
©1^2 1 0®mWI|2 10 1 (fe^V^^iE^4(Z)4;j<- h ^-f l^^^ hn^/'^-S^a 

>iiiie&2 1 oACDmn^z i o d {cm;d$ti<g>o 

[0133] 

222 ^csv^Ttt, pnh- f^^^2 2 2 1 icj; y^fig^ti 
fcPN3-Fc (t) ©feffi*^ -A {<ckm. ^=i/2^v^) iE\i^mM-^n 

, m-^S 2 2 2 2 (c (t-A) ) y6^m^#|2 2 2 4 {cm;d$tl'5o 
[0 13 4] 

^mm^&m^2 223 ^CJ3V^T«, PNh- F;^^#|2 2 2 1 {C i 
fePN3-Fc (t) (©feffi*^ + A:^{:tjlj^$tl, -^-^8 2 2 2 3 (c (t + 
A) ) ;^)^m^||2 2 2 5^Cffi;^$4^^o 
[0 13 5] 

^m#|2 2 2 4 fCi3VNr«, n-:;57;b'®#l (t) C=Bcos (coq t ) ] 
A'^^^iiiMiaji!&2 2 2 2<n>miim^S 2 2 2 2 , # 

#82224 (B^, (t-A) cos (cogt)) j&^^^gi/ >'^2227^j;tJf 
in^#|2 2 3 0 {cmiJ$4x-&o 



I 



4 1 
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[0 13 6] 

-13. mB#g2 2 2 scfevNTii, u-ij)\ym^i (t) fimmm^m^22 

2 3{Ci:Sm:dM#S 2 2 2 3 (^^^tl) . m^S 2 2 2 5 ( 

Bj, (t + A) c o s (coq t ) ) iS^^miyy^ 2 2 2 8 ^3 i: tK;(jD#^ 2 2 3 3 

[0 13 7] 

^^i/7^5f 2 2 2 6lCfeV^Ttt, ^-^M-^r (t) iS^B (7^i:;t«4 5° ) fe' 
nm^t/y hSn, ^I#S 2 2 2 6;&^iD#^2 2 3 0 {Cm^J^tl^o 
[0 13 8] 

^ffli/7^ 2 2 2 7lCfeV%Tli, ^1[|§2 2 2 4a)m:*7M#S 2 2 2 4 d r=: 
i-^&miyy h-^tl. 2 2 2 7 75)^im^2 2 3 1 {cm:d$tl-5„ 

[0139] 

MM^2 2 3 OtC^VNTli, -ei^BS/^^ 2 2 2 6 0^;^;^-^ S 2 2 2 6 il^^ 
^2 2 2 4 0mtim^S 2 2 2 4 il^'^Jn^^tl, S 2 2 3 0 A^^^^M^ 2 

2 3 4 JCffi:dStl-&» 
[0 14 0] 

*aB^2 2 3 1 ^cfev^T^i, ^««#r (t) t^mtyy^ 2 2 2 7<DmtJm 

#S 2 2 2 7ii;{)^itl^§tl> -©#8 2 2 3 1 A^^^^^^ 2 2 3 Slcm^^J^tlS 

o 

[0141] 

^m^mil§2 2 3 4^C^V^T^i, ait||2 2 3 O^miJ^^S 2 2 3 OTb-J^m 
LPF 2 2 3 8lCffi±f$tl, ^bT^^^||2 2 4 2lCA;tf$tl5o 
[0 14 2] 

MW#l2 2 4 2 ^CfcV^T^i, L P F 2 2 3 8 (D^IJ^-'^D C^fyiE v hmtf^^ 
5fe$tl, >';i/AiaS&2 2 4 6{Cm:^3$tl-2>o 
[0 14 3] 

mmz. iLmiikm^2 235 ic^vnt^, Mm^2 231 coffi^^j-g-^s 223 

1*^— L P F 2 2 3 9 {Cffi;^7$tl, ^ UT^^tl 2 2 4 3 tCAiJ$ tl-S 
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[0 14 4] 

mM^2 2 4 3 iCjSt^Ttt, L P F 2 2 3 9 <Dm:hi}-^^DC:ty-\Z^y h^ttm 
>';i/A|lI8&2 2 4 6 lcm±$tiSo 

[0 14 5] 

y ;i/A|lIli&2 2 4 6 iCiSVATli, ^^5? h ^ ;bA7()'^lt#a4x, ^fnill!i^2 2 
4 8 lcffi:^;$ti-5o 
[0 14 6] 

^rniyy^ 2 2 2 8 ^CfeV^T^i, mW^2 2 2 S^m^^^-^S ZZZ^il^dfc. 
\-^^n^^y h$tl> -^#3 2 2 2 8*'J^lDm^2 2 3 ZlZ^litS^n^ o 
[0 14 7] 

2 2 2 9 ^Ci3V^T^i, ^M^#r ( t) if^ 6 (fei:;ili4 5° ) fe' 
h^tl, 2 2 2 97{)'JiDB:#|2 2 3 3Cm:d$tl-5o 

[0 14 8] 

:&nm^2 2 3 2^CfeV^T«, ^-©^-^ r (t) Hm&i/y 9 2 2 2 S <D&,tim 
#3 2 2 2 8 i:*^*D»Stl, ##3 2 2 3 2 ^^Zl^^^gH 2 2 3 6 {Cffi:t;$tl5 

o 

[0 14 9] 

■mn^2 2 3 3 iCfeVATtt, 2 2 2 9 0ffi;d'@#3 2 2 2 9 il^^ 

#g2 2 2 5(Z)miJ«#3 2 2 2 5 ^*^;&llWStl> -©#3 2 2 3 3*^r:m;g^mil2 
2 3 7 ^cai;^^$4^^o 

[0 15 0] 

— ^^Ifi^^2 2 3 6^CJ3V^T^i. AO^tg 2 2 3 2(Dffi;^M#3 2 2 3 2 ^^11^ 
L P F 2 2 4 0 fcm^Stl, ^LT^1l^2 2 4 4 lCA:*J^tlSo 
[0151] 

MB#|2 2 4 4 {c^dV>t«, l p f 2 2 4 0 (D^i^ttitf'hi^ c^iry ^ V V^iy^^ 

5S$tl, >^;bA|llS&2 2 4 7 icm^dStl-So 
[0 15 2] 

mm\Z. ^m^?«2 2 3 7 {C^V>Tli, 1im^2 2 3 3 (Dm:t;M-^S 2 2 3 

3;()^-^$tl, L P F 2 2 4 1 {Cffi;^j$n, ^hX'^U^Z 2 A bKK±-^tl^ 
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[0 15 3] 

^mSI2 2 4 5{CfeVNTl±, L P F 2 2 4 1 (©m:^7A^ e> D C:t ^ir h^t>m 

/;i/Aiiii?&2 2 4 7 jcm;^$ti'g>o 

[0 15 4] 

y;i/AllIli!&2 2 4 7{CJ3VATli, h >^ ;i/A*^fm$ tl, ifegEfaillli^ 2 2 
4 8lCffi:^J$tl<5o 
[0 15 5] 

M5fOllIS&2 2 4 8 ^CJ3V^T^i, 7 ;^AIllg|2 24 6fej;t)f224 7(Z)m;d<Z)M 
mt>^t. JV-Zfy^ 2 2 4 9 $::frbTVCO 2 2 5 0 icm;tr$tl-5c 

[0 15 6] 

vco 2 2 5 0 ^cfev^T^±, mmmi[&mti^ji-''fy'<ji^ 2249 ©tts^jic j; 
vm^tL. mmm^s2 2 5 o^^t^'^igjgM^^^isc^^^fcjc^sDT^^b-t-So 

[0 15 7] 

PNn- y^mmUWmmz 2 0 ACt3V>Ttt, LPF®^J|g«SNRlCj:S„ 

r^HX-ltl S-9 5^-5VNliWCDMA{C^{tS/\° 

[0 15 8] 
[0 15 9] 

S7^j;t>*0i 0® I F^3j:t>*^-;^A> \^mm^nmmzitmizi3^^xit. 

^-^ hnyA-t^sy^mmt. mmmiZltmmm±y JV'ii (iia^ee rejec 
tion filter)$:<gM|i: L^VAZlillcM^t-'^^T'feSo ACr-^miaSllCfeVNT 

i^mmm^^X'^n^m^^mmr'^^. Ltf^vt^ti^i^. «ig (pass-band) Jgc7?,^A> 
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#lhi|!c (stop-band) <DU-;\y:ty<DMf)^^^^t. y -f Jh^ (Dmtfit^ V ^ itj 
[0 16 0] 

[0161] 

[0 16 2] 
[0163] 
[0 16 4] 

x/^^ h;i/fi&iS:^#a3 0 li, Bl i i {c^^^-i: Jc, n (ntis ^^li^tiJS^ 

-;«7;i/|§^^3 4 $:^LTV^S„ 

[0 16 5] 

n/jf- ha?'-Y h=i>A~^'H>IlIl?&3 1 jll'fSMT'PNn- Kc (t) 
*^^3¥$4xfe^M^#r (t) PNn- KTO-^^taSS&s 2*>Pj<Z)n-:ij;i/ 
PNn-K(Ci (t) hCq (t) ) $:MV^fcD-*;H§m^24{Cj:-5□- 

;«7;b#-ti (t) ^mm-t^z.)iK^^}^^^nrz.^)yrvy7.u-i^)\ymm 
(t) c* (t) (^rr-c* (t ) iii^x&i-^<ke)ic^^i£tS:n- 
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So 

[0 16 6] 

jg#3 4tcj:-5n-:*;i/#-^i (t) izm':5<mm imm is^x:^mm^w^M 

S:jibTD-;!j;i/PNn- Kc i (t) H c ^ (t) ^r^^jfe-T-So 
[0 16 7] 

[0 16 8] 

-r l^^' hn^/^-i^a Z.Z.T'l±, QPSKl, QPSK2, 

JSitJfQP SK3;5)^#m$tlSo Q P S K 1 {Cj3V%Ttt, ^- ^ Sr^M 
f'SZliiJCJ: UiEM®Q P S Km^^m^L. 2oM^S PNn- K$:Mv^T7-* 

[0 16 9] 

QP SK2lCj3V%Tli, 'f@>5r(D7'-^S/>:J^;b5:my m-rr i:*"?!?.^, 2ocZ) 

m^it. I S- 9 5(Dy^V- KU >^'^C^3V^TMV^^4^So 
[0 1 7 0] 

[0171] 

IrI »i ® 7^ (Z) )^ i?) ® ias& tc o V X T -r s o 



4 6 
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[0 17 2] 

Ur^^'^lC^tt-S 2o®Mg® S SM-^i^^^^^S^X-Srili^^^, 2o® 5 
jK- hiaii!&$:5fiJMt--5 3^*'^'e^, Je^±m^ L ^ J: e) {C, B P S K(D^AT'Ji, 

2'D<Dzr^y^ m^^^-c^u^) mtm=^m^^A^. 

[0173] 

bfe^-r:^(Z)iag&S:MV%Sz:^*^T'^'5;«)'?. 2o<Z)QP SK^^^^lC^l-t-SfiS 
[0174] 

mz. n4<- l/^ hn>7-?-i;3>tai^3 l ^J:t>*PNn- FHfii^i^ 

Illj?&3 2®:R^6<J^^^^^J:C^*S;^:65:&iltg^CoV^T]Ii$:JioTi^q91-^c 
[0 17 5] 

[0 17 6] 

iai2tt, :*:|§^IC'^55 (n=5) jK- h ^>ri/ h n > A- a ^Efg&O 
[0177] 

^ifs-h^^ hnyA-V^ym^z I o\t. 0 1 2 c^-T J: e> ic, qp 

S K^M#I 3 10 1, -a+gi/ 1 0 2, 3103, AnW§§ 3 10 4, 310 

5 , 3106, 3107, 3108, J3J:tJ^RC7>f;i/^5t3109, 31 

10, 3 111 ^mhx\>^o 

[0 17 8] 
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J, RCy>fJl^3 10 9(Dm^^^ (jK-h). RCy >f JV^ 3 1 1 0 (Dliii:} 
Sit>*RC7-c;i/^?3 1 1 l<Dffi:^;^^{ci:U^^Sti'5o 
[0 17 9] 

QPSK^M^S 1 0 l^CJ^^^T^i. ^mm^r it) PN3-F|Bia§^ 
i#iaii!&2 2^C^V^Tlmai^J:tJ^|H^il^#MS$:iiLT#e>tlfePNn - KCi ( 
t) feJ:0Cq (t) S:fflV>T^i)l$tl, U 7 t n S 3 1 0 1 

*'Jfe*Ii/:7^ 3 10 3 ^J:t>'iIIl[#|3 10 4 fcmiJ^tl^o 
[0 1 8 0] 

^^a>>:7^ 3 1 0 2lCfcVNTtt, ^^fS#r (t) Tb^e (fei:;t«4 5" ) 

i-^^^-yyh-^n. M-^s 3 1 0 2y()^;&ow^3 10 4 izmti^ti^o 

[0181] 

3 10 3 {cjsvNTli, U 7r b>>?.n-?!j;i/S 2 i o 2:;b'J0 7£i:tfe 

mtyyh^n. 3 10 3*"Jin^§g3 i o 5icm:d$tiSo 

[0 18 2] 

*D^#|3 1 0 4{Cj3VATli. 'e^+9i/-7^3 1 0 2CDffi:^##S 3 1 0 2^U7 
T l/>>^n-:;!7;i/'fg-^S 3 10 1 Ti^ifDlt^tl, 3 1 0 4 7b^^M3 10 7 

[0 18 3] 

JD^#|3 1 0 stcfevNTii, fe1isy:7^ 3 i o 3(Dffi:dM-ts 3 i o 3 n^m 

m^r (t) :«)^iaB$tl, M-^S 3 1 0 5;()«^M^3 1 0 8Jcm;^3$tl-S»o 
[0 1 8 4] 

[01 8 5] 

^m^s 1 0 7^c^v^T^±, *m#3 1 0 4®m:tr##s 3 1 0 4©igiiii^^^ 

[0 18 6] 

m&m3 1 0 8^c^v^T^i, imii3 1 0 5(Dm:hm-^s3 1 0 5(Dmmm^ 



4 8 
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[0 18 7] 

Rc:7-r 3 1 0 9 r:Lt^ita-/^:^y -< (lpf) icj:»j«^$ 

[0 18 8] 

RC^W';i/^3 1 1 Ott, r:^t^ltLPFlZ^i)m^^tl. ^m^3 I 0 HZ 

^^mm^-^^izM-t^y ^ jv^ V y^'mm^\f\ /^^u-m^Pi ^y'V'$()im^ 
3 3 izmtf-r^. 

[0189] 

Rcy^;v^ 3 111 it: r^t^ith pfiz^ ^?M3 i o 8ic 

3 3 {cm:d-r^o 

[0 19 0] 

rzi-e, 01 2(Z)^-f hn>A-i;3 >iaii«&3 l OJC^I^^QF SK2i3 
J:t>*QPSK3 §:#^t-^o Jg^T© J: e) tc 2 $:-MJCSo r ilA'^T'^ 

[0191] 
m2 2] 

r(/)-i?ejrfO)cO)e^'*'**)} (24) 

[0 19 2] 

3rT'. c (t) = cj (t) +j Cq (t) ii^M/Sfcn- K (2o®||Jife 
tfen-K) "CfeU, d (t) lif'-^m#T'fe€>o ±j^l^r=.^^\Z. d (t) ;()^ 
ll^:9-T'fetlli, Q P S K 2 -efe »; , d ( t ) A^^m^i^T'fetlli. Q P S K 3 

[0 19 3] 

3^T% ^ (2 4) ®##$:^M'r-57t«?)<Z)^V hii>7\'->:;3>tiIB&3 
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1 o^c^v^T%^■t€>o r^ii:^itrm(Du-:^j\/m^i I (t) (Dmmzm':5^ 

[0194] 

[0 19 5] 
^LT, (2 5) A^#e>tlS. 

[0 19 6] 
[f5C24] 




+ double freq. -torms (25) 

[0 19 7] 

^m^^xfu-^jvm'^oyr.mt-mmmmim^mm^. i c (t) 1^=2 

[0 19 8] 

[tS:2 5] 




(26) 
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[0 19 9] 

[0 2 0 0] 
[18(2 6] 



[0 2 0 1] 
m2 7] 




(28) 



<29) 
(30) 

[0 2 0 4] 
[0 2 0 5] 



(27) 



[0 2 0 2] 

^, 0 =7r/4l?tt, J2ATcZ)2o(Z)£ti:d*^#e>tl-5o 

[0 2 0 3] 
[tS[2 8] 



5 1 
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m2Q] 

d(t) = (I(t) - jQ<t))a-i* (31) 
[0 2 0 6] 

[0 2 0 7] 

V ^ T ^* ^ {C-tt-B: ^rhT-fe-So 7-*-^ §: # t) V ^^^^■^cD^-^ 
-K^f-So L^A^oT, ^TCDQP SKX=^-AT'tt, IMTOSli> XkCD^^Q^ 

[0 2 0 8] 

[^3 0] 




(32) 



[0 2 0 9] 

3Z:T', Cj (t) ^^t>*CQ (t ) tt2o(^)fl£^3- h\ QPSK2 (IS 

-9 5) (^)^^v^t>^^>sa:^^&fi:"^?&So 

[0 2 10] 

2o(D^g:^^£fC<Z)V^•r4^A^^C■fe»y hStlfe c (t) S:fflVNS®7^«5v>li^l O 
® ^ -r :;^c^ laii^ 5: M V > 5 r i: T' ^ S o 
[0211] 
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.[0212] 
[0 2 13] 

PNn- K|ll»|«^#lllij&3 3 Oli, Ell 3 {c^-r<f:e)ic, PN=r-K^^^3 
221a, 3221b, ^^mMM^ 3222a, 3222b, 3223a, 3 
2 2 3 b, QP SK^il^3 2 2 4, 3 2 2 5, ■ei=fB^>7 ^ 3 2 2 6 , 3 2 2 7 
, 3228, 3229, MMH^ 3230, 3231, 3232, 3233, Zl^ 
^Mfl 3234, 3235, 3236, 3 237, LPF3238, 3239, 
3240, 3241, 3242, 3243, 3244, 3245, J 

1115^3 2 4 6, 3 2 4 7, i^^tl[115!& 3 2 4 8 , W ;L/^ 3 2 4 9 , ^ itJf 

VCO 3 2 5 0 $:;tLTV^eo 
[0 2 14] 

PNn- F^^tlS 2 3 1 a {CiSVNTJi, P N H - K c j (t)*'^VC0 3 2 
5 QlZ^^mnm^S 3 2 5 0 ^C«^•V^T^^!g34^, ^fiK$4xfcPNzi- Kc j 
(t) tt, ^ffiUMiagl 3 2 2 2 a , 3 2 2 3 b, J3 J:t>*® 1 2 CD 5 h 
Uif VnyA-p^ym^z i o©QP SK^M^3 i o i icm:d3tiSo 

[0 2 15] 

PNzr- K^^!g#|3 2 3 1 b ^C^V^T^i, PNzi-Fcq (t)*'JVC03 2 
5 OlCiSM^-^-^S 3 2 5 O^C^^^^T^^$tl, ^^^tlT^PNn- Kcq 
(t ) tt, &.mMWM^^ 222b, 3223 b, i3i:t)«® 1 2CD5 7K- \>^^ 

V^y n-v nym^z 1 0 (DQ p s K^i®#|3 i o i tcm;d$4X'5o 

[0 2 16] 

fi*0ii^imM&3 2 2 2 alCjSVNTli, PNH- K^^^3 2 2 1 {Cj:y^^$ 
tlfePNa-Kcj (t) -A A=l/25^^y^) fc'Jtilj^ 

Stl, 3222a (cj (t-A)) ;b"^QP SK^s^#|3 2 2 4{Cffi:^$ 
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[0 2 17] 

^mm^&m^3 222 b^CfeV^T«, PNH- K^^tl3 2 2 1 ICJ: U^fi^S 
tifePNn-Kcg (t) (Z)fi=fg75)^. -A (^18?. A=l/2^^y>^) 

'©■^3 3 2 2 2 b (cq (t-A) ) ■fy'^Q P S KMM^ S 2 2 4 izmtJ-^ 

[0 2 18] 

^^BUMIIIB&S 2 2 3 a^C^V^T^i, PN=3- K^fig^3 2 2 1 J: 
tl7tPNn-Kcj (t) CD^^@*\ + A^'i-tilM$n, #-^S 3 2 2 3 a (c 

1 ( t + A) ) ^-^Q P S K^M^3 2 2 5 lCffi;^j$tlSo 

[0 2 19] 

^Sffiii^Ilims 2 2 3 blCfeVNTli> FNn- K^^^3 2 2 1 {Cj:»J^^$ 
tl^PN3-KcQ (t) + Afe'{-t51M$tl, M-^S 3 2 2 3 b (c 

Q (t H-A) ) 75)'^QPSK^Ii^3 2 24{cm;^3$tl-5o 
[0 2 2 0] 

QP SK^^^S 2 2 4 ^C^V^T«, n-:!Jj;i/M#l (t) C=Bcos (© 
Q t ) ] tf^^^MMm^S 222a. 3222 b(Z)ffiij##S 3 2 2 2 a, 32 

2 2 b{C JcoT^ii^tl, 3 2 2 4 Tb'J^^S 7 ^5? 3 2 2 7 i5^XfMm-1^3 
2 3 O lcmitJ^tl-So 

[0 2 2 1] 

-3^, QP SK^iit|3 2 2 5{CfeVNTtt, U-:^JVmm (t) 
1115^3 2 2 3 a, 3 2 2 3 bC?)m:^;M-^S 3 2 2 3 a, 3 2 2 3 b IC i o T^li 
.$tl> -fB-^S 3 2 2 5*'5&*ii/:7^ 3 2 2 8^J:»^^3 2 3 3lCffi:tr3n-5 

a 

[0 2 2 2] 

^^^7^ 3 2 2 6 ^CfeV^T^i, S^fS#r (t) f}^ 6 (;t^Xli4 5° ) 

i-^&niyyh'^ti. #-^3 3 2 2 emuM^s 2 3 0lcm:^J3tlSo 

[0 2 2 3] 

2 2 2 7 {CiSVNTti, Q P S K^M^ S 2 2 4 (7)m;^M#3 3 2 2 
4;i)^e Jtn-tfe^@>>:7 ##3 3 2 2 7 7b'^ilD^||3 2 3 l{cm:d^tl-5o 
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[0 2 2 4] 

■mn^s 2 3 oicfevNTtt. ^mi/y^ 322 Q<Dm:hmns 3 2 2 e ^qp 

SK^^#|3 2 2 4(^m:tr#-^S 3 2 2 4 ttf^MW-^tl. S 3 2 3 0 

^?^^^3. 2 3 4 tcm;^j$tl^o 
[0 2 2 5] 

iOm^2 2 3 1 ^CJ3V^T^i, ^^#-tr (t) il&^MS/ 7 ^ 3 2 2 7 (^)ffi:^j>© 
^8 3 2 2 7 tiDmW^tl. ##8 3 2 3 1 ^^nm^m^S 2 3 Slcm^O^tlS 

o 

[0 2 2 6] 

— m«IM#l3 2 3 4^C^V^T^i, ^rtfm^3 2 3 0®m>^JM-# S3 2 3 0 
Stl, LPF 3 2 3 8{Cm:)Fj$tl, l/TMB^3 2 4 2 {CA:trStl5o 
[0 2 2 7] 

M^^3 2 4 2 (CfeVNT{i> L P F 3 2 3 8 <Z)m;b*^ D C^T :7i2 h^;b^BII 

5S$ti> y;i/Aiiiii!&3 2 4 6icm:^;$tie= 

[0 2 2 8] 

IH^fC, Zim^«3 2 3 5 {CfcH^T^i, iDlE#l 3 2 3 1 (Z)ffi:tfM#S 3 2 3 
lti^-m^tl> L P F 3 2 3 9 lcm:^I^tl, ^bTMW#l3 2 4 3 {CA±^tl<6 

o 

[0 2 2 9] 

mM^3 2 4 3 ^CJ3V^T^i, L P F 3 2 3 9 ® ffiij}^)^ ^ D C :r 7 -fe -/ h^J^l^i^ 

sS^ti. y ;i/AiiiJi^3 2 4 6{cm:^;$ti'g>o 

[0 2 3 0] 

>^;i/i:^iiili¥&3 2 4 6^cfev^T^i, h ;v<D J jvi^mfM^ti. mmm^S2 

4 8 {cm*$tl-5o 
[0 2 3 1 ] 

i<L^-yy^ 3 2 2 8^CfeV^T^i^ QP 8K^^^3 2 2 5(Dffi:t7M#8 3 2 2 
Bfs^e tdH^ntyy h^n. m^^S 3 2 2 8*^irtll[||3 2 3 2tcm:d$tlSo 

[0 2 3 2] 

^^S^^^'at 3 2 2 9 ^CfeV^T^i, r (t) t,^ 6 (7^^;ilS4 5° ) ^£ 
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i-^^^iyy -fi-^s 3 2 2 2t>mM.^3 2 3 3 tCffi:^7$tl<5 = 

[0 2 3 3] 

-^3 3 2 2 8 ttt^m^n. m-^s 3 2 3 2ti^iLm^^m3 236 jcm;^$ti-5 

o 

[0 2 3 4] 

Jn^f|3 2 3 3 {CfeVNTii, -Sffii/^^J? 3 2 2 9CDm:^J'ft#S 3 2 2 9 i: Q P 
SKMm^3 2 2 5(Dm;^'©-^S 3 2 2 5 iimuM^tl. S 3 2 3 3*^-^ 

^m#|3 2 3 7{cm;b$tlSo 
[0 2 3 5] 

^m^?S^3 2 3 6^C33V^T^i. Uon^3 2 3 2 (D^tim^ S 3 2 3 2 *^r.^ 
L P F 3 2 4 Olcmi3Stl> LTJ^^^ 3 2 4 4 tCA^J^ tl-5o 
[0 2 3 6] 

mni^3 2 4 4 {C^SV^Tli, L P F 3 2 4 0 (Dmi^tf^^D Cyty± >^ h^if^^ 
7;i/-MlIS&3 2 4 7 lCffii7Stl-g>o 
[0 2 3 7] 

mm^. Z1^^M^3 2 3 7 ^C^V^T^±, iaB#l3 2 3 3<Z)m;^3'^#S 3 2 3 
3A^Iim$n, L P F 3 2 4 1 lCffi:^j$tl> -eLT^#^3 2 4 5lCA;^7$tl<5 

o 

[0 2 3 8] 

^^^3 2 4 5{CfeV^T^i, L P F 3 2 4 1 (Z)m;^J;^)^ D C ;r :7 -fe h^TJj'JIS^ 
y ;bAllII?&3 2 4 7 lcm;tfStl-So 
[0 2 3 9] 

y ;i/Aim5^3 2 4 7 ^c^^,^T^±, hJV(Dj jvAmfW-^n. mmm^3 2 

4 8 lcm;dS*lS, 
[0 2 4 0] 

m^mm3 2 4 8^C^V^T«, J JlUm^3 2 4 633J:t)f3 2 4 7 <DmiJ<Dm 

mti'^ti^ti. 3 2 4 9 $::^lt vco 3 2 5 0 izmti^n^o 

[0 2 4 1 ] 
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VCO 3 2 5 0{C^V\Tii, Ummmmti^JV-^y ^ JV^ 324 QOm^lCJ: 

y^ffcb, mmm^s 325 o^M^^^isMMiKo^^bicDSOT^^b-rso 

[0 2 4 2] 

mi 3(Z)«^lCj;tlli, A 2 4 2(Dmi3) iZiSii^m^itM^O 

[0 2 4 3] 

1] 

+ AB Re{c{t - AHt)e^**^^} 
[0 2 4 4] 

e> ^ A {C ^ i-t -2) 7b'^# ^ ^ o 
[0 2 4 5] 

ms 2] 



'(it - AHty^-^^l (33, 



[0 2 4 6] 
[0 2 4 7] 
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(34) 
(35) 
(36) 

[0 2 4 8] 

^(3 3) ^j:t>*^(3 4) ICiSl-tS 2o(Z)M^^iJ7 h;bi3 J:t>*^#e>tlS Lg 

m (C J3 S fiil^0^ft#ffi S: -e ^ . 

[0 2 4 9] 

[0 2 5 0] 

[0 2 5 1] 

[0 2 5 2] 

mi 4(CfeVATli, m^^3 2 5 lfeJ:t)«3 2 5 2 1 SCDQPSK^I^^ 

3 2 2 4®f^t>»;{ct3i^pjtirvNSo mw#l3 2 5 i«, n-*;v>ft-^i (t) 

H^mmm^^ 2 2 2 a(Z)ffi:fjfg#S 3 2 2 2 a ^^^-^^0 ^^#1 3 2 5 2 » 
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